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Abstract. A significant population of stars with ages younger than the Pleiades ex- 
ists in the solar neighborhood. They are grouped in loose young associations, sharing 
similar kinematical and physical properties, but, due to their vicinity to the Sun, they are 
dispersed in the sky, and hard to identify. Their strong stellar coronal activity, causing 
enhanced X-ray emission, allows them to be identified as counterparts of X-ray sources. 
The analysis presented here is based mainly on the SACY project, aimed to survey in 
a systematic way counterparts of ROSAT all-sky X-ray sources in the Southern Hemi- 
sphere for which proper motions are known. We give the definition, main properties, 
and lists of high-probability members of nine confirmed loose young associations that 
do not belong directly to the well-known Oph-Sco-Cen complex. The youth and vicin- 
ity of many members of these new associations make them ideal targets for follow-up 
studies, specifically geared towards the understanding of planetary system formation. 
Searches for very low-mass and brown dwarf companions are ongoing, and it will be 
promising to search for planetary companions with next generation instruments. 



1. Introduction 



1.1. Overview 



In a seminal paper, Herbig (1978) proposed the existence of post-T Tauri stars (pTTS) 
and established a list of candidates. pTTS follow classical and weak line T Tauri stars 
(cTTS, wTTS) in an evolutionary sequence. Although they were expected to outnum- 
ber the TTS, their discovery or identification remained difficult for a long time. Their 
relation with another category of young stars - the isolated TTS (young low mass stars 
found spatially far away from any apparent dark or parental molecular cloud) - re- 
mained an open proble m. Interestingly, Herbig's list of pTTS and the one of isolated 
TTS ( Quast et al.ll 19871) were actually qu ite similar. The most intriguing example was 
TW Hya, a high Galactic latitude TTS dRucinski & Krautten 1 fl983h at a distance of 
at least 13° from the nearest dark clouds and located in a region characterized by the 
absence of any cloudlets from which it could have originated. 

A systematic search for more isolated TTS was pursued with the optical spec- 
troscopic Pico d os Dias Survey (PDS) among optical counterparts of th e IRAS Point 
Source Catalog (iGregorio-Hetem et alJfl992l : fames etaDll995d : lTorreslll999h . One of 
the first results of the PDS was the discovery of fou r additional TTS around TW Hya 
(Ide la Reza et aljfl989l : IGregorio-Hetem et~ai1ll992h . They concluded that this group 
was likely a very young association relatively close to the sun. 



1 



2 



Only very few good candidates for isolated TTS were found within the PDS. But 
while the IR-excess selection criterion effectively finds young stellar objects embedded 
in their placental material or with circumstellar disks, it fails to signal older objects 
whose disks have already been dissipated. Therefore, most stars with ages between 
^10 — 70 Myr (i.e. wTTS and pTTS) escaped discovery by this meth od. 

Due to the enhanced X-ray activity of young stars dWalter|[l986l) . more efficient 
selection criteria for post and isolated TTS candidates were d eveloped. The high sen- 
sitivity and full sky coverage of the ROSAT all-sky survey dTrumperi ri982) revealed 
thousa nds of new X-ray s ources projected in the direction of nearby star forming re- 
gions dGuillout et al.lll998h . Ground-based spectroscopic follow-up studies showed that 
a large fraction of these X-ray source s were indeed wTTS together with older pTTS and 
ZAMS stars (e.g jAlcala et a l. 2000). Surprisingly, many of the newly found weak-line 
TTS were not obviously co nnected to any mo lecular cloud region, raising again many 



questions about their origin (ISterzik et al.l ll995). 

Based on the similarity of the ROSAT X-ray fluxes, radial velocities, astrometry 
(Hipparcos) and spectroscopic characteristics of the four stars around TW Hya, Kastner 
et al. (119971) confirmed that these stars formed a physical association with TW Hya, 
about 20 Myr old and at a distance of 40 to 60 pc from Earth, which they called the 
TW Hya Association. 

Immediately after the existence of the TW Hya Association was confirmed, several 
research groups became interested in this association and other members were found 
(see Section 4). Two main approaches were explored, a first one aiming to study the 
properties of its members, whereas other groups started to look for similar nearby young 
associations hidden among the ROSAT X-ray sources. 

In 2000, as a result of this effort to find new associations, two new ad jacent 
and similar ass ociations were pro posed, in Tucana (IZuckerman & W ebb 2000) and 
in Horologium dTorres et alE oOO). To examine the physical relation between them and 
to search for other associati ons, we started th e SACY (Search for Associations Con- 
taining Young stars) survey dTorres et al.ll2006 ). The SACY sample contains sta rs: 
(i) lat er than GO, in order to be able to use the Li A6707 line as a youth indicator dMartfn 



1997); 



( ii) belonging to the TYCHO-2 or Hipparcos catalogs in order to have access to proper 
motions; 

(Hi) that are candidate optical counterparts of sources from the ROSAT All-Sky Bright 
Source Catalogue. 

Torres et al. (120061) presented a catalog of 1626 spectroscopically observed stars 
in the Southern Hemisphere. In Figure [3] we show the celestial distribution of the ob- 
served SACY sample, with additional stars observed from 2006 to 2008. The SACY 
survey is now complete in the Southern Hemisphere (but for four stars) and the updated 
catalog has 2093 stars. The survey enables us to define properties and membership 
probabilities for stars in these putative associations. Preliminary results appear in Tor- 
res et al. d2003allbl) .' In iTorres et al. (2006), the prototypical methodology and analysis 
of the (3 Pic Association is presented and in forthcoming papers (in preparation) a more 
detailed analysis of other associations found will be given. Th e Lithium abundances 
of the nine associations presented in this chapter are studied in Ida Silva et al.1 d2008l) 
where they present the lists of the association members. 

A similar surv ey is being pursued in the Northern Hemisphere and the first results 
are appearing now (Guil lout etal.1120081) . Only a very low frequency of stars younger 
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than the Pleiades is identified, more than one order of magnitude less than in the SACY 
survey. This strong hemispheric anisotropy could be explained, at least partially, by 
taking into account the different survey biases and completeness limits. Anyway, with 
only five young stars at this moment, the Northern survey does not help to find young 
associations. 



1.2. Method of Analysis 

An association is a group of stars appearing concentrated together in a small volume 
in space sharing some common properties such as age, chemical composition, distance 
and kinematicgj. However, if such a group is close enough to the Sun, its members 
will appear to cover a large extent in the sky (as an example, Orion at 50 pc would 
cover almost the whole sky). Thus, to find a group, projected spatial concentrations 
(i.e., in terms of right ascension and declination only) and proper motions may not 
be enough. A better criterion is to look for objects sharing similar heliocentric space 
motions (UVW) all around the sky (U positive towards the Galactic center, V positive 
in the direction of Galact ic rotation). 

Torres et al. (2006) describe the convergence method developed to search for 



members of an association and a corresponding membership probability model in de- 
tail. Both convergence method and probability model examine the stars in the hexa- 
dimensional space, UVWXYZ, as defined by the space motions relative to the Sun and 
the physical space coordinates centered on the Sun (XYZ, in the same directions as 
UVW). We represent with m v , M v and M„ j so the apparent visual magnitude, the resul- 
tant absolute magnitude with the distance obtained from the convergence method, and 
the absolute magnitude given by the adopted isochrone for the (V — I)c stellar color; 
and fi a , fis and V r are the proper motions and the radial velocity. Briefly explained, if 
there is no reliable trigonometric distance availabld3, the convergence method finds the 
distance (d) for each star in the sample that minimizes the F value of Equation Q] The 
first term is a photometric distance modulus and the second is a kinematical one. The 
method needs, as input, an assumed age and initial velocity values (?7o, Vq, Wo) for the 
proposed association, and a cutoff value for F above which stars should be considered 
spurious. This cutoff value varies for each association but usually we begin with 3.5 
(this approximately means 0.7 magnitudes for the distance modulus and 3 km s _1 for 
the velocity modulus). The method is iterative, and for each iteration a list of stars with 
new (Uq, Vb, Wo) is obtained. The process ends when the list of stars and the velocities 
(Uq, Vb) Wo) do not change significantly. 

F(m v ,fi a ,fis,V r ;d) = 

[p x (M v - M v , iso ) 2 + (U- U ) 2 + (V- Vq) 2 + (W- Wo) 2 } 1 / 2 (1) 

where p is a constant weighting the importance of the evolutionary distance with respect 
to the kinematic distance. Actually we use p > only for the Oct Association, since it 
has no stars with trigonometric parallax. This means that in general our distances are 
only kinematical. 



In this sense we prefer to use the term association and not moving group. 

2 We consider the trigonometric parallaxes as unreliable if they have errors larger than 2 mas and we do 
not use them. 
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T he list of candidates serves as a training set for the probability model (k-NN 
model, ISterzik et al.| [T995). In this model we define around each star of the entire 
sample 6-dimensional spheres that contain a certain number k of stars. A membership 
probability is then defined by the proportion of stars in these spheres that belong to the 
training set. The probabilities depend on the compactness of the association and the 
field density. Thus, for each association we can define a cutoff probability where we 
consider the stars as probable members. Using this list of (high) probability members, 
we return to the convergence method until both lists match. Finally, a possible kine- 
matical member becomes a n actual good can didate if its Li content is compatible with 
the Li depletion for its age (Neuhauserl l 1997b . 

As all the nearby loose associations proposed at this moment can be defined 
through their properties using SACY stars, membership probabilities for stars suggested 
elsewhere can be calculated whenever their basic kinematic data are available. 




Figure 1 . Left: The expansion in X direction for the young nearby associations, 
including the Sco-Cen and the R CrA (CrA) associations using the SACY data. 
We could not find expansion for the e Cha and the Carina associations, as they are 
very compact, and any expansion of the Oct Association should be confirmed - see 
Section 6. The other abbreviations in the figure mean the associations: Columba, 
Tucana-Horologium, TW Hya, j3 Pic, e Cha and Octans. Right: The expansion of 
all young stars in the SACY sample with reliable parallaxes. Open circles are stars 
which are not members of any association. 

When analyzing the entire SACY sample, we discovered an unexpected kinemat- 
ical phenomenon that seems to be a general property of the young stars in the solar 
neighborhood and affects the application of the convergence method - a positive corre- 
lation (r = 0.99) between U and X for stars younger than ~30 Myr. The correlation is 
seen in Figure Q] where, in the left panel, we plot the mean values of U and X derived 
from the SACY sample for these associations. This correlation can be interpreted as a 
physical expansion in the X direction. 

This is not an artifact from the convergence method. The right panel of Figure Q] 
shows the observed U and X values for all young SACY stars that have good quality 
Hipparcos parallaxes. While a strong correlation (r = 0.98) of U and X persists for 
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those stars that belong to young associations (filled circles), the correlation is only 
weak (r = 0.46) for stars that do not belong to any association. Maybe one reason for 
the difference is the presence of not identified single lined spectroscopic binaries. The 
expansion is not only seen in the sample of nearby young associations as a whole, 
but also within eac h of these associations, with a similar spread of U and X values 



(ITorres et al.ll2006l) . Some young associations have only a small extension in the X 
axis, and do not allow to determine their expansion (e Cha and Car associations). The 
Oct Association does not seem to follow the behavior shown in Figure [T] perhaps due 
to its higher Galactic latitude (see Table For associations older than ~30 Myr this 
expansion is not present any more (AB Dor and Argus associations; see TableQ]). 

A simi lar phenom enon has been reported for a few individual associations, see 
for example [Mamajekl ( 20051) and Bobylev & Bai koval (120071) . but the global expansion 



must be considered first. Unfortunately we have no explanation for the presence of 
this expansion. It might reflect a more global motion like the Galactic arm epicycle 
movement which is still conserved from a recent local star formation event, and which 
has not yet been lost by higher dispersion acquired through Galactic dynamics on a 
longer timescale. 

Regardless of the cause of this expansion, it must be taken into account when 
searching for kinematical young associations. It can be represented by the relation of 
Equation [2] that is incorporated in the convergence method in the appropriate cases: 

U = 0m(X) - U (2) 

Reliable isochrones are essential as input to obtain the photometric distance mod- 
ulus. However, none of the observed sequences can be represented by the published 
theoretical isochrones for these associations. Thus, to test the star membership, ad- 
hoc observational evolutionary sequences were used in the convergence method, repre- 
sented by third degree polynomials: 

For 5 Myr: 

M v = 0.60 + 4.98(1/ - I)c - 1.16(V - lf c + 0.193(V - lf c (3) 

For 8 Myr: 

M v = 1.20 + 4.98(1/ - I) c - 1.16(1/ - lf c + 0.193(1/ - lf c (4) 
For 10 Myr: 

M v = 1.50 + 4.98(1/ - I) c - 1.16(V - lf c + 0.193(V - lf c (5) 
For 30 Myr: 

M v = 1.18 + 6.28(1/ - I)c - 1.68(1/ - 1% + 0.248(1/ - lf c (6) 
For 70 Myr: 

M v = 0.64 + 7.14(1/ - I) c - 2.05(1/ - lf c + 0.314(1/ - lf c (7) 
valid in the color interval —0.1 < (V — I)c < 3.1 

These heuristi c absolute ag es obtained partially in comparison with pre-main sequence 



models (ISiess et all 120001) must obviously be taken with caution. Nevertheless, the 



relative ages are real: for example, the TW Hya Association is older than the e Cha 
Association and younger than the J3 Pic Association. 
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1.3. General Results 

Almost half of the young stars in the SACY sample belong to the large Oph-Sco-Cen 
Association (see the chapters by Wilking et al. and Preibisch & Mamajek). In this 
chapter we discuss nine nearby young loose associations, which are kinematically well 
defined, but do not belong directly to the Oph-Sco-Cen Complex. Their main charac- 
teristics are summarized in Tables Q] and [2] Their distribution in the sky can be seen in 
polar projection in Figures [3]to [7] 



Table 1 . Heliocentric space motions and expansion of the nearby associations 



Association 


U 


V 


W 


Expansion 


N 




[kms- 1 ] 


[km s- 1 ] 


[km s- 1 ] 






/3Pic 


-10.1±2.1 


-15.9±0.8 


-9.2±1.0 


yes 


48 


Tuc-Hor 


-9.9±1.5 


-20.9±0.8 


-1.4±0.9 


yes 


44 


Col 


-13.2±1.3 


-21.8±0.8 


-5.9±1.2 


yes 


41 


Car 


-10.2±0.4 


-23.0±0.8 


-4.4±1.5 


no? 


23 


TWHya 


-10.5±0.9 


-18.0±1.5 


-4.9±0.9 


yes 


22 


eCha 


-11.0±1.2 


-19.9±1.2 


-10.4±1.6 


no? 


24 


Oct 


-14.5±0.9 


-3.6±1.6 


-11.2±1.4 


no? 


15 


Argus 


-22.0±0.3 


-14.4±1.3 


-5.0±1.3 


no 


64 


AB Dor 


-6.8±1.3 


-27.2±1.2 


-13.3±1.6 


no 


89 



Table 2. Space disttibution, mean distances and ages of the nearby associations 



Assoc. 


X 


X Range 


Y 


Y Range 


Z 


Z Range 


D 


Age 




[pc] 


[pc] 


[pc] 


[pc] 


[pc] 


[pc] 


[pc] 


[Myr] 


/3Pic 


20 


-32/76 


-5 


-33/21 


-15 


-29/- 1 


31±21 


10 


Tuc-Hor 


3 


-61/43 


-24 


-47/-4 


-35 


-44/-30 


48±7 


30 


Col 


-42 


-106/9 


-56 


-168/1 


-47 


-99/6 


82±30 


30 


Car 


14 


-2/33 


-94 


-154/-39 


-17 


-33/5 


85±35 


30 


TWHya 


15 


2/34 


-44 


-61/-26 


21 


10/27 


48±13 


8 


eCha 


50 


34/60 


-92 


-105/-78 


-28 


-44/- 12 


108 ±9 


6 


Oct 


22 


-79/142 


-106 


-138/-60 


-68 


-85/-38 


141±34 


20? 


Argus 


5 


-55/64 


-115 


-154/-6 


-18 


-67/8 


106±51 


40 


AB Dor 


-6 


-94/73 


-14 


-131/58 


-20 


-66/23 


34±26 


70 



There are interpretations connecting the local young associations with some more 
global stellar populatio ns, like the Oph-S co-Cen Complex. A particularly interesting 
paper is the one by Fernand ez et all ( 2008 ). in which they propose that both the Sco-Cen 
Complex and the young local associations originated by the impact of the spiral shock 
wave against a giant molecular cloud. To clarify the questions opened by these kinds 
of models, it is fundamental to have a precise definition of each association and a very 
good way to define their star memberships and, also, their age. 




Figure 2. Combinations of the sub-spaces of the UVWXYZ-space for the SACY Associations showing the clusters in both kinematical 
and spatial coordinates. Associations symbols: filled stars - (3 Pic; filled circles - Tuc-Hor; open circles - Columba; crosses - Carina; filled 
triangles - TW Hya; open triangles - e Cha; open stars - Octans; open squares - Argus; filled squares - AB Dor. 
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A distinct and i ndependent way to obtain the age and the origin of nearby young 
stars is proposed by iMakarovl ( 2007 ). He traces back in time the Galactic orbits and 
evaluates near approaches in order to infer close conjunctions and clustering in the past 
of the stars. He concludes that the majority of nearby young stars were formed during 
close passages or encounters of their natal clouds with other cloud complexes today 
located at somewhat larger distances. The method requires excellent kinematical data 
and depends on the true membership of the proposed star for each association. The ages 
of the Tuc-Hor and TW Hya associations agree reasonably well for both approaches. 

These young associations have remarkably small velocity dispersions («1 km per 
sec, see Table Q]). Their sizes are larger than implied from their dispersion velocities 
and their ages, but they are fully consistent with low-mass star forming regions and OB 
associations. Most of these associations have a non-spherical distribution, and show 
distortions that seem age-dependent: the younger ones are almost spherical (e Cha 
and TW Hya associations), the ones with intermediate age are extended in X direction 
(0 Pic, Oct, Tuc-Hor associations) while the older ones in Y direction (Car, Col, Argus 
and AB Dor associations). If we approximate them with spheres, they will be within 
a radius of 25 pc for the e Cha and the TW Hya associations, 40 pc for the Tuc-Hor 
Association, 60 pc for the Pic, the Car and the Col associations, and 100 pc for the 
Oct, the Argus, and the AB Dor associations. 

The important review on nearbv vouna stars and their properties bv Zuckerman & 
Song (l2004bl) presents five associations known at that time (0 Pic. Tuc-Hor. TW Hya, 
rj Cha and AB Dor associations) and introduces a new one, "Cha-Near" 0. The focus 
of the present review is the re-definition of their nearby associations and the definition 
of new ones with the method described above and the significantly increased sample. 
We emphasize that the strength of our method is the availability of high quality radial 
velocities and proper motions together with spectral information, which is essential to 
find the associations presented here. For that the SACY sample is of great importance 
to better define these associations. Nevertheless it is of almost no help for the e Cha 
association, which is at the limit of the SACY sample possibilities, with most of the 
candidates coming from the literature. Therefore, in the next sections, we will present 
the high probability members of these nine associations and their main characteristics, 
and, when pertinent, we compare our new definitions with those of Zuckerman & Song 
(I2004bh . 

As will be more clearly explained in the next sections, the definition of the asso- 
ciations, especially their age, is strongly dependent on their low mass star population. 
The depth limit of the SACY sample can give low mass candidates only for the asso- 
ciations nearer than ~50 pc. For the more distant associations for which we found no 
other way to obtain low-mass candidates, their definitions are less reliable. 

From Figures |3]to [7] we can see that the Columba, Pic and AB Dor associations 
have members in the Northern Hemisphere and surveys in this part of the sky can reveal 
new members for these associations (and perhaps for the Tuc-Hor Association too). 
Also other authors are trying to obtain asso ciations or new m embers, mainly by the 
convergence point method (see, for example. Ide Bruiindl 1999b . Our experience shows 
that this method has low reliability. ISong et aL ( 2002bl) arrive at a similar conclusion in 
a f ruitless search for new TWHya Association members in a list of candidates proposed 
by iMakarov & Fabriciusl (l200ll) using the convergence point method. Another example 



3 It is very similar to the e Cha Association (that includes the 77 Cha cluster) defined here, see Section 5. 



Figure 3. Left: Celestial polar projection of the actual SACY observed sample. 
This projection reaches out to +10°. Young stars are in filled circles. Note the 
concentration at the Sco-Cen complex (from a 12 to 18). Crosses are giant stars 
observed in the survey. Right: Celestial polar projection of the associations in the 
GAYA complex (see Section 3): the Tuc-Hor (filled circles), the Col (open circles) 
and the Car (crosses) associations. The transverse curve represents the Galactic 
plane. 




Figure 4. Celestial polar projections of the (5 Pic Association. Left: Northern 
Hemisphere. Right: Southern Hemisphere. The transverse curve represents the 
Galactic plane. 
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Figure 5. Left: Celestial polar projection of the TW Hya association. Right: Ce- 
lestial polar projection of the e Cha Association - the crosses represent the field 
e Cha Association members and the filled circles the r\ Cha cluster members. The 
transverse curve represents the Galactic plane. 



is the moving group in Carina- Vela proposed by Mak arov & Urban! (l2000h . as it is 



discussed in Sections 3.3 and 7 that seems to be, at least partially, a mixture of Car and 
Argus associations. 

In some cases, visual binary components (or cluster members) have distinct proper 
motions or radial velocities. This may result in distinct convergence values, member- 
ship probabilities and, sometimes, distances. In the worst cases, only one component is 
a high probability member, and only this one is presented. Evidently this is an indica- 
tion that the kinematical data of the system needs to be improved. 

Close visual binaries or spectroscopic binaries may deteriorate the quality of the 
kinematical data. An instructive example is HD 202947 (BS Ind), proposed by Zuck- 
erman & Song (l2004bl) as a member of the Tuc-Hor Association. It has been observed 
1 1 times in SACY and found to be a double line spectroscopic binary. The Hipparcos 
catalogue detected an eclipsing binary light curve with a period of 0.435 days. Guen- 
ther et al. (120051) studied the radial velocities of BS Ind and found a period of 3.3 years, 



and the true systemic velocity could finally be deriv ed. (There are also bro ad peaks in 
the cross correlation function both from SACY and Guenther et al. (2005) that can be 



assigned to the eclipsing binary.) Due to its strong Li line BS Ind is considered a young 
object, but for its space motions (U=+0.1, V=-25.3, W=-8.6) it can not belong to the 
Tuc-Hor Association or to any of the nearby associations presented here. 

The young loose associations, being near to the Sun and having an age distribution 
from 5 Myr to about 100 Myr, enable studies of stellar physics that depend on the initial 
phases of the stellar evolution, for example multiplicity, abundances, rotation, stellar 
activity, etc. Examples of p apers on rotation a n d acti vity using these associations are 



p a 

Ide la Reza & Pinzonl d2004h and Scholz et all (l2007h. A preliminary study ( Kastner 



et al. 2003) of the X-ray emission properties of members of the TW Hya, (3 Pic and 



11 




Figure 6. Left: Celestial polar projection of the Octans Association. Right: Celes- 
tial polar projection of the Argus Association - the crosses represent the field Argus 
Association members and the filled circles the IC 2391 members. The transverse 
curve represents the Galactic plane. 



a=0 a=0 




a=12 a=12 



Figure 7. Celestial polar projections of the AB Dor Association. Left: Northern 
Hemisphere. Right: Southern Hemisphere. 
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Tuc-Hor associations shows trends in the hardness ratio distributions when compared 
to TTS, the Hyades or older stars. 

At a glance, looking at the figures of the Lithium distribution in the next sections, 
we can see that the Lithium depletion appears to be more scattered in the older asso- 
ciations. The present collection of several associations with ages from 6 up to 70 Myr 
(Table O furnishes an excellent opportun ity to investigate th e Lithium depletion during 
this time interval in the PMS evolution (Ida Silva et alj|2008l). The Lithium depletion in 
associations can be compared with that in open clusters (see Jeffries! d2006t) for a review 
on this subject). The effect of rotation on the Lithium depletion in the PMS phase is 
also important. In fact, stars that are fast rotators (vsin(i) ^ 20 km s _1 ) have higher Li 
line equivalent widths (upper points of the Lithium distribution in the figures of the next 
sections). This is in agreement with what is found for cluster stars, at least fo r K type 
stars, in the sense that fast rotators appear to have high Lithium abundances dJeffriesI 



2006). 



Most of the stars of the lists presented in the next sections stem from the SACY 
sample, that is, X-ray selected low mass stars. Any study using our sample must be 
aware of this bias. The data presented in Tables Q] and |2] define the main characteristics 
and properties of these associations and can be used as starting points to find additional 
members. For example, GAIA will be an excellent tool to construct unbiased samples. 

Stars in the young nearby associations are ideal targets for studies of planetary for- 
mation and very low mass sub-stellar objects. As a matter of fact, many members of the 
associations presented here have already been studied in the context of the characteri- 
zation of their protoplanetary disks and the search for sub-stellar companions. These 
works are reviewed in the last section. 



2. The (3 Pic Association 



The Pic Association was first proposed bv lZuckerman et al. ( 2001a) and new mem 



rst pro posed by Zuckerman et al. (ZUUla) and new mem- 
et all (120031) and bv lMoor et all (120061) . IZuckerman et al 



bers w ere suggested by So ng i 

(12001 al) and lKaisler et all (120041) noted th at the so-called Capricornus Association for- 
merly proposed by Ivan den Anckeil d2000h is part of the P ic Association. A list of 33 
proposed members is given in IZuckerman & Song I (l2004bh . Only one of the proposed 
members, the brown dwarf HD 181296B dLowrance et al.ll2000l) . has no kinematical 
data published and its membership can not be determined by the methods presented 

here. 

The (5 Pic Association is well defined in the SACY sample dTorres et al.ll2Q06h . 
Using the SACY sample and all other members proposed, the convergence solution 
ives 4 8 high probability members. There are 30 stars from the IZuckerman & Songi 
2004b) list and 18 new proposed members. They are listed in Tableland their spatial 
and velocity distributions are shown in Figure [8l Only two stars of the Zuckerman & 
Song (l2004bT list, namely HD 203 and HIP 79881, are rejected by the convergence 
method and their membership prob abilities are 0.75 and 0.8 5, respectively. The re- 



jection of HIP 79881 is in-line with ISong et~ai1 (120031) and lOrtega et all d2004h who 
also considered this object as an outlier. HD 203 is rejected using the radial velocity 
obtained in four observations made by us, 8.8±2.9 km s _1 . Nevertheless, its radial 
veloc ity is less reliable as it is a fast rotator. Using the velocity in Barbier-Brossat & 
Figon (l2QO0h (6.5zfc3.5 km s -1 ) it becomes a high probability member. (This is another 
example of the need for good kinematical data to properly characterize memberships, 
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Table 3. The high probability members proposed for the (3 Pic Association 
Name a 2 ooo <^2000 v Sp.T. D P. Ref. 













LP C J 


CI, 

/c 




HD203 


00 06 50.1 


-23 06 27 


6.19 


F3V 


39H 


75 


z 


HIP 10679 


02 17 24.7 


+28 44 31 


7.75 


G2V 


39 


100 


z 


HD 14062 


02 17 25.2 


+28 44 43 


6.99 


F5V 


40 


95 


z 


HD 15115 


02 26 16.2 


+06 17 33 


6.79 


F4IV 


45H 


60 


M 


BD+30 397B 


02 27 28.1 


+30 58 41 


12.44 


M2Ve 


43 


90 


z 


AGTri 


02 27 29.3 


+30 58 25 


10.12 


K6Ve 


43 


100 


z 


BD+05 378 


02 41 25.9 


+05 59 18 


10.37 


K6Ve 


39 


95 


z,s 


HD 29391 


04 37 36.1 


-02 28 24 


5.22 


F0V 


30H 


100 


z 


GJ 3305 


04 37 37.5 


-02 28 28 


10.59 


MlVe 


30H 


100 


z 


V1005 Ori 


04 59 34.8 


+01 47 01 


10.05 


MOVe 


24 


100 


s 


CD-57 1054 


05 00 47.1 


-57 15 25 


10.00 


MOVe 


26H 


100 


z,s 


HIP 23418 


05 01 58.8 


+09 59 00 


11.95* 


M3Ve 


34 


100 


z 


BD-21 1074BC 


05 06 49.5 


-21 35 04 


11.61* 


M3Ve 


18 


100 


S,B 


BD-21 1074A 


05 06 49.9 


-21 35 09 


10.29 


MlVe 


18 


100 


S,B 


AF Lep 


05 27 04.7 


-11 54 03 


6.56* 


F7V 


27H 


100 


Z 


V1311 Ori 


05 32 04.5 


-03 05 29 


11.52 


M2Ve 


36 


95 


S,B 


/3Pic 


05 47 17.1 


-51 04 00 


3.77 


A3V 


19H 


100 


Z 


AO Men 


06 18 28.2 


-72 02 41 


9.80 


K4Ve 


39H 


95 


Z,S 


HD 139084B 


15 38 56.8 


-57 42 19 


14.80 


M5Ve 


40H 


95 


Z,S 


V343 Nor 


15 38 57.6 


-57 42 26 


7.97 


K0V 


40H 


90 


z,s 


V824 Ara 


17 17 25.5 


-66 57 04 


7.23* 


G7IV 


31H 


100 


z,s 


HD 155555C 


17 17 31.3 


-66 57 06 


12.82 


M3Ve 


31H 


100 


z,s 


GSC8350-1924 


17 29 20.7 


-50 14 53 


13.47* 


M3Ve 


76 


95 


B 


CD-54 7336 


17 29 55.1 


-54 15 49 


9.55 


K1V 


66 


90 


s 


HD 161460 


17 48 33.8 


-53 06 43 


9.61* 


K0IV 


74 


90 


s 


HD 164249 


18 03 03.4 


-51 38 56 


7.01 


F6V 


47H 


100 


z 


HD 164249B 


18 03 04.1 


-51 38 56 


12.5 


M2Ve 


47H 


100 


T 


HD 165189 


18 06 49.9 


-43 25 31 


5.67* 


A5V 


44H 


100 


z 


V4046 Sgr 


18 14 10.5 


-32 47 33 


10.94* 


K6Ve 


73 


95 


T 


GSC7396-0759 


18 14 22.1 


-32 46 10 


12.78 


MlVe 


73 


90 


T 


HD 168210 


18 19 52.2 


-29 16 33 


8.89 


G5V 


75H 


90 


S 


HD 172555 


18 45 26.9 


-64 52 15 


4.78 


A6IV 


29H 


100 


Z 


CD-64 1208 


18 45 36.9 


-64 51 48 


9.54 


K5Ve 


29H 


100 


z 


TYC9073-0762 


18 46 52.6 


-62 10 36 


12.08 


MlVe 


54 


100 


s 


CD-31 16041 


18 50 44.5 


-31 47 47 


11.20 


K7Ve 


51 


95 


s 


PZTel 


18 53 05.9 


-50 10 49 


8.29 


G9IV 


50H 


100 


z,s 


TYC6872-1011 


18 58 04.2 


-29 53 05 


11.78 


MOVe 


79 


95 


s 


CD-26 13904 


19 11 44.6 


-26 04 09 


10.39* 


K4V(e) 


80 


95 


s 


7] Tel 


19 22 51.2 


-54 25 25 


5.02 


A0V 


48H 


100 


z 


HD 181327 


19 22 58.9 


-54 32 17 


7.03 


F6V 


51H 


100 


z 


HD 191089 


20 09 05.2 


-26 13 27 


7.18 


F5V 


53H 


100 


M 


AT MicB 


2041 51.1 


-32 26 10 


11.09* 


M4Ve 


9.5 


100 


z,s 


AT MicA 


20 41 51.2 


-32 26 07 


10.99* 


M4Ve 


9.5 


100 


z,s 



(Continued) 
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Tabled (Continued) 



Name 


02000 


^2000 


V 


Sp.T. 


D 


P. 


Ref. 












[pc] 


% 




AUMic 


20 45 09.5 


-31 20 27 


8.73 


MlVe 


10H 


100 


Z,S 


HD 199143 


20 55 47.7 


-17 06 51 


7.35* 


F7V 


48H 


75 


Z 


AZ Cap 


20 56 02.7 


-17 10 54 


10.62* 


K6Ve 


47 


95 


Z,S 


CP-72 2713 


22 42 49.0 


-71 42 21 


10.60 


K7Ve 


36 


100 


s 


WWPsA 


22 44 58.0 


-33 15 02 


12.07 


M4Ve 


20 


100 


z,s 


TXPsA 


22 45 00.0 


-33 15 26 


13.36 


M5Ve 


20 


100 


z,s 


BD-13 6424 


23 32 30.9 


-12 15 52 


10.54 


MOVe 


28 


100 


s 



(*) the photometric values are corrected for duplicity. 

The distances are from Hipparcos (H in the table) or kinematical ones, calculated with 
the convergence method, 
ita lics = possible members (see t ext) . 

" (l2004bl) : S=in the SACY survey; M= lMo6r et al 



Z=Zuckerman & Sons 



T= lTorres et al. (2006)," not in the SACY sample; B=proposed in this Handbook. 



(2006); 



although good quality radial velocities are hard to obtain for hot fast rotators.) Hence 
we consider it as possible member and it is included in the Table in italics, but not in 
the figures or in the statistics. 

The solution in iTorres et al.1 (2006) has 41 high probability members, but subse- 
quently a few updates have changed somewhat the solution of the original paper, mainly 
by the inclusion of four new propos ed members, by r evising the status of some stars, 
and by the addition of the stars from lMoor et all d2006h . With new radial velocity ob- 
servat ions, HD 165189 and HD 199143 have been revised to be high probability mem- 
bers. iMoor et all (120061) have p roposed two members with debris disks, HD 15115 and 
HD 191089. iKalaset all (12007) detected the scattered light of an extremely asymmetric 
dusty debris disk around HD 15115 that would make it a very interesting candidate, but 
from the convergence method the star is not a good member and its probability is low 
(p=0.7). The bona fide member BD+05 378 is close to HD 15 1 15 at an angular distance 
of only 3.9° and they share similar kinematics. Thus, an adjustmen t of the kinematica l 
data of HD 15115 may promote it to a bona fide member. Actually iKalas et all (120071) 
proposed that the extreme asymmetries of its disk are due to dynamical perturbations 
from BD+05 378 (itself a single line spectroscopic binary). As for HD 203, HD 15155 
is considered as a possible member and it is included in Table |3j in italics, but not in 
the figures or in the statistics. 

The obtained age for the /3 Pic Association is about 10 Myr but, as commented 
before, the ages obtained with the ad-hoc isochrones must be taken with caution. Zuck- 
erman et al. (12001 ah suggested 12 + ^ Myr. and iFeigelson et al. (2006) estimate the age 

of the member GJ 3305 to be 13 jj Myr. This is consistent with 11 Myr ob tained by 
dynamical back-tracing models (lOrtega et al.ll2002l |2004|; ISong et al.ll2003l) . These 
authors agree with the suggestion of Mamai ek & Feigelsonl d200ll) which places the 
birthplace of the Pic Association into the Sco-Cen complex. The Li distribution (Fig- 
ure [9]) agrees well with these ages. The two points with high Li equivalent width around 
(V - I) c = 3.1 in (FigureH) correspond to TX PsA and HD 139084B. TX PsA forms a 
binary with the slightly brighter and hotter WW PsA. However, in contrast to the strong 
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Figure 9. Left: The HR diagram of the members proposed for the /3 Pic Asso- 
ciation; the over-plotted isochrones are the ad-hoc ones given in the text for 5, 10 
and 70 Myr. Right: The distribution of the Li equivalent width as a function of 

V — -Or?; the c urves are the upper and lower limits for the age of the Pleiades 

Neuhauserll997h . 
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Li found in TX PsA, WW PsA has the Li fully depleted. ISong et all (l2002ah interpreted 
the pair in the context of Li depletion boundary, and concluded that it can give a strong 
observational constraint to age determinations using the boundary of Li depletion. If 
instead the kinematical distance is the correct one (it is at 2 a of the Hipparcos par- 
allax error), the stars could be 0.33 mag fainter, and this should be considered in the 
discussion of the Li-age relations. HD 139084B may help in this co ntext. 

AT Mic and AU Mic were already noted as young stars by Eggen (1968]) and 
their connection with the debris disk A type star Pic was first proposed bv Barrado y 
Navascues et al. (1999) . The we ak Li lin e of AU Mic was first detected bv de la Reza 
et al. (1198 lb during an atte mpt to find ot h er active red dwarfs wi th Li to explain the odd 
Li-rich V1005 Ori (Gl 182) (iBoppll 19741) . Ide la Reza et all (1 198 lh tried to interpret the Li 
line of Gl 182 in terms of the Li production by spallation reactions. They discarded this 
possibility and pro posed that VI 00 5 Ori may be a member of a very young kinematical 
group suggested by iKunkel dl975h . that includes also AU Mic and AT Mic. These three 
stars are now proposed to belong to the Pic Association. 

One of the new members proposed, GSC 8350-1924, is a serendipitous discovery 
of the SACY. The TYCHO star is farther away from the ROSAT source and we inadver- 
tently observed the nearest star, GSC 8350-1924. The photometric observations show 
that the TYCHO star actually is a hot star, the color in the catalogue b eing erroneous. 



The pr oper motions used for GSC 8350-1924 are taken from UCAC2. Hue lamo et al. 



(2008a) detected a companion at 0.767" with similar magnitude. 

Anoth er interesting star p roposed now is V1311 Ori, a wTTS known long ago 
(HBC 97; (Herbig & Bell| [T988)) but poorly studied. It h as spot photometric variations 
with a period of 4.5 d, similar to AU Mic, determined by Gah m et ail (1995). 

The Pic Association has six known spectroscopic binaries (double line spectro- 
scopic binary stars: HIP 23418, AF Lep, V824 Ara, HD 161460, V4046 Sgr; single 
line spectroscopic binary star: BD+05 378). One of these do uble line spect roscopic 
binary stars, V4046 Sgr, a non-SACY star proposed by iTorres et al.1 (l2003allbl) to be 
anoth er possible memb er, was confirmed as high probability member in the final anal- 
ysis dTorres et alj |2006). V4046 Sgr is a n interesting doub l e line spectroscopic binar y 
isolated cTTS with a circumbinary disk (lOuast et alj |2000; Stempels & Gahm 1 12004). 
It has a possible faint optical companion, GSC 7396-0759 (see Table [3] ) . This star h as 
now been observed twice, and a spectral feature reported before ( Torres et al.ll2006l) is 
not present in the new spectrum. The two radial velocities are very similar, so, even in 
the case of being a spectroscopic binary, the systemic velocity should be near the mean 
radial velocity. We used the proper motions of V4046 Sgr but a good proper motion 
determination is important to confirm the membership. 

In addition to these six spectroscopic binaries, the Pic Association has 13 wide 
visual binaries, easily recognized in Table [3] since they have two entries, and ten close 
visual binaries: HIP 23418 (sep.=1.0"), BD-21 1074 BC (sep.= 1.2"), GSC 8350-1924 
(sep.=0.8"), HD 161460 (sep.=0.1"), HD 165189 (sep.= 1.7"), CD-64 1208 (sep.=0.2"), 
CD-26 13904 (sep.=l.l"), rj Tel (sep.=4.2"), HD 199143 (sep.= l.l") and AZ Cap 
(sep.= 2.2 // ). The very close optical companion of HD 161460, detected by Huelamo 
et al. (2008a), is also probably the spectroscopic one. 
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Figure 10. Combinations of the sub-spaces of the UVWXYZ-space for the GAYA 
complex - Tuc-Hor Association (filled circles), Col Association (open circles) and 
Car Association (crosses) - showing their clustering in both kinematical and spatial 
coordinates. 




(V-I)c (V-I)c 



Figure 1 1 . Left: The HR diagram for the associations of the GAYA complex (sym- 
bols are as in Figure [Tol and the ad-hoc isochrones are for 5, 10, 30 and 70 Myr). 
Right: The distribution of Li equivalent width as a functio n of (V — I) a; th e curves 
are the upper and lower limits for the age of the Pleiades (Neuhause rl 19971) . 



18 



3. The GAYA Complex 

We recall that it was the independent an d almost simultaneous discovery o f the Tucana 
Association (Zuckerman & Webb 2000) and the Horologium Association ( Torres et all 



2000) that motivated the SACY project. One of its first results was to postulate a large 
population of young stars in the southern sky with kinematical and physical properties 
similar to both associatio ns, initially called GAYA (from Great Austral Young Associ- 
ation) dTorres et al.ll2001 ). Now it becomes clear that it can be subdivided into, at least, 



three distinct, but similar associations: the Tucana-Horologium A ssociation, almost the 
same as the one originally defined by IZuckerman et ail ( 2001b ). the Columba Asso- 



ciation an d the Carina Asso ci ation, the last two coming from a division of the early 
GAYA2 dTorres et alJl2003 alibi 12006). 



In Tables Q] and [2] it can be noted that the three associations can be distinguished 
in at least one of the velocity components and that they form a sequence in physical 
space. This can be visualized in Figure [TO] Anyway these three associations are not 
very distinct from one another. The Tuc-Hor Association is clearly more compact and 
closer to what we expect for an association. The other two are more difficult to define 
and this is reflected in the probability values. There are many stars not included in 
any of these two associations; nevertheless they have similar kinematical properties. 
This situation seems similar to the large Sco-Cen Association but GAYA is older and, 
therefore, more scattered. The Col and Car associations may be like reefs in a sea of 
similar young stars. Attempts to obtain solutions merging Col and Car associations 
(GAYA2) gave worse resul ts. 

Zuckerman & Song (2004b) proposed 50 stars to be members of the Tuc-Hor 
Association^, but only 25 of them are in the SACY sample. The non-SACY members 
were also included to be tested in the convergence method. From these 50 stars, 3 1 were 
found to be high probability members of the new definition of the Tuc-Hor Association; 
three of the Col Association; and three of the Car Association. Some of the 13 stars 
rejected could still be classified as possible members of one of these associations of 
the GAYA complex. In fact, the quality of the proper motions and radial velocities is 
crucial to establish a membership, but errors in their kinematical data or a natural spread 
of the stars born in these associations may reduce their membership probabilities. This 
can be said about any association, but it is particularly true here. Actually four of these 
rejected stars are fast rotators and their radial velocities are unreliable, but their space 
motions are not very far from those of the Tuc-Hor Association and, although their 
convergence values are bad, they have high values in the probability model. Therefore 
these high rotators, HD 12894 (p=0.9), HD 20385 (p=0.9), HD 208233 (p=0.8) and 
r\ Tuc (p=0.8), can be considered possible members. A possible member for the Col 
Association is V1358 Ori, that is good in the convergence method but with very low 
probability. Another active star proposed, AT Col, has low probability for any of the 
three associations and has space motions very similar to the Car Association values, 
but it lies in XYZ-space in the Col Association. GSC 8056-0482 has badly determined 
proper motions and a Lithium equivalent wid th of 380 mA, too high for the Tuc-Hor age 
dTorres et aLll2000l : IZuckerman et al.ll2004ch . CD-34 2406 has the duplicity confirmed 



by TYCHO and its corrected magnitude is too faint to belong to the GAYA complex. 



4 Actually there are 49 entries in their table, but we discriminate both companions of the wide binary 
DS Tuc. 
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HIP 3556, CD-64 120, HD 53842, HD 200798 and BS Ind (see Section 1.3) have space 
motions far from those of the GAYA associations. 



3.1. The Tuc-Hor Association 



The 44 high probability members of the Tuc-Hor Association are prese n ted in T able [H 
From this list, 31 stem from the previous list of Zucker man & Song I ( 2004bl) . 17 of 



them being also in the SACY sample. We proposed 13 new members. As can be 
seen in Figure [TOJ the Tuc-Hor Association is more compact than the Col or the Car 
associations. Figure [TT] suggests that it may be younger than the other two. Actually, 
it is the best defined association of the GAYA complex and it seems to have a nucleus, 
containing at least seven stars, around f3 Tuc (a = 00:32 5 = -63° - see Fig [3] and 
Table |U) 

BD-09 1 108 is located in front of the Orion Complex but, as it is not correlated 
with Orion CO lines, lAlcala et al. (2000) suggested a possible connection with the 



Gould Belt. Using TYCHO-2 proper motions we propose it as the farthest Tuc-Hor 
member (78 pc). 

There are nine visual double or multiple systems in the Tuc-Hor Association, four 
of them wide: i) the Tuc multiple system, with at least five components, three in Ta- 
ble EH - HD 2884 (double, sep.=2.4"), HD 2885 (double, sep.=0.4") and HD 3003; 
ii) the pair HD 13246/CD-60 416; in) the pair CD-53 544/AF Hor; iv) the pair 
DS Tuc/HD 222559B. The five other systems, having separations less than 1", are: 
HIP 1910 (sep.=0.6"); DK Cet (sep.=0.2 ); HP 207964 (sep.=0.4"); TYC 9344-0293 
(sep.=0.2") and HD 22705 - iMakarovl (l2007h determined its orbit, based on Hipparcos 
data, and found a period of 201 days and a semi-major axis of o nly 5 mas. HD 22705 i s 
also a possible low amplitude single line spectroscopic binary dNordstrom et al.ll2004h . 
probably the same as the astrometric one. Anothe r low amplitu de single line spectro- 
scopic binary is a Pav, detected as early as 1907, by ICurtisI dl907t) . The only double line 
spectroscopic binary in the Tuc-Hor Association, detected in the SACY, is BD-20 951. 
Observed only once, its systemic velocity is less reliable. 

The very massive star a Pav is leaving the main sequence, and our polynomial 
ad-hoc isochrones are no more appropriate (its color is anyway out of the limits of 
Equation 0. 



3.2. The Columba Association 

We found 41 members for the Col Association which are presented in Table [5J only 
seven are no t in the SACY data sample. Three stars (one in the SACY sample) were 
proposed by IZuckerman & Songl d2004bh to be members of the Tuc-Hor Association, 
but thev fit better in the Col Association. There are also five stars proposed bv Moor et 
al. (120061) . all having debris disks. The authors proposed another one. HD 37484, for 
the Tuc-Hor Association. In fact HD 37484 has a very good solution in the convergence 
method for the Col Association, but not for the Tuc-Hor Association. Nevertheless it 
has a low probability (p=0.45) and should be considered only as a possible member. 

We accepted some low probability members (0.6<p<0.8) for the Col and Car 
associations since the convergence method gives reliable solutions for them. Actually 
the values given by the probability model must be interpreted in a relative sense. For a 
certain cutoff value of the probability it discriminates bona fide members from the field 
stars. This value depends on the density of the bona fide members of the association in 
the UVWXYZ-space relative to the density of the possible members in the field. Now, 
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Table 4. The high probability members proposed for the Tuc-Hor Association 
Name q 2 ooo £2000 V Sp.T. D P. Ref. 













Lpcj 


/C 




HD 105 


00 05 52.5 


-41 45 11 


7.53 


GOV 


40H 


100 


z,s 


HD 987 


00 13 53.0 


-74 41 18 


8.78 


G8V 


44H 


100 


z,s 


HD 1466 


00 18 26.1 


-63 28 39 


7.45 


F8V 


41H 


100 


z 


HIP 1910 


00 24 09.0 


-62 11 04 


11.49* 


MOVe 


44 


100 


z 


CTTuc 


00 25 14.7 


-61 30 48 


11.47 


MOVe 


43 


100 


z 


HD 2884 


00 31 32.7 


-62 57 30 


4.36 


B9V 


43H 


90 


z 


HD 2885 


00 31 33.5 


-62 57 56 


4.77* 


A2V 


46 


100 


z 


HD 3003 


00 32 43.9 


-63 01 53 


5.07 


A0V 


47H 


100 


z 


HD 3221 


00 34 51.2 


-61 54 58 


9.61 


K4Ve 


46H 


100 


z,s 


CD-78 24 


00 42 20.3 


-77 47 40 


10.21 


K3Ve 


50 


100 


s 


HD 8558 


01 23 21.3 


-57 28 51 


8.51 


G7V 


49H 


100 


z,s 


CCPhe 


01 28 08.7 


-52 38 19 


9.07 


K1V 


37H 


100 


z,s 


DK Cet 


01 57 49.0 


-21 54 05 


8.66* 


G4V 


42H 


100 


z,s 


HD 13183 


02 07 18.1 


-53 11 57 


8.63 


G7V 


50H 


100 


z,s 


HD 13246 


02 07 26.1 


-59 40 46 


7.50 


F7V 


45H 


100 


z,s 


CD-60 416 


02 07 32.2 


-59 40 21 


10.68 


K5Ve 


48 


100 


z,s 


4> Eri 


02 16 30.6 


-51 30 44 


3.56 


B8V 


47H 


100 


z 


eHyi 


02 39 35.4 


-68 16 01 


4.12 


B9IV 


47H 


85 


z 


CD-53 544 


02 41 46.8 


-52 59 52 


10.22 


K6Ve 


42 


100 


z,s 


AF Hor 


02 41 47.3 


-52 59 31 


12.21 


M2Ve 


42 


100 


z,s 


CD-58 553 


02 42 33.0 


-57 39 37 


10.98 


K5Ve 


50 


100 


z,s 


CD-35 1167 


03 19 08.7 


-35 07 00 


11.12 


K7Ve 


44 


100 


s 


CD-46 1064 


03 30 49.1 


-45 55 57 


9.55 


K3Ve 


44 


100 


s 


CD-44 1173 


03 31 55.7 


-43 59 14 


10.90 


K6Ve 


42 


100 


s 


HD 22213 


03 34 16.4 


-12 04 07 


8.85 


G7V 


48 


95 


s 


HD 22705 


03 36 53.4 


-49 57 29 


7.65* 


G2V 


42H 


100 


z 


BD-12 943 


04 36 47.1 


-12 09 21 


9.86 


K0V 


69 


100 


s 


HD 29615 


04 38 43.9 


-27 02 02 


8.47 


G3V 


55H 


100 


z,s 


HD 30051 


04 43 17.2 


-23 37 42 


7.12 


F2IV 


58H 


100 


z 


TYC8083-0455 


04 48 00.7 


-50 41 26 


11.53 


K7Ve 


46 


90 


s 


HD 32195 


04 48 05.2 


-80 46 45 


8.14 


F7V 


60H 


80 


z 


BD-20 951 


04 52 49.5 


-19 55 02 


10.33* 


KlV(e) 


72 


90 


s 


BD-19 1062 


04 59 32.0 


-19 17 42 


10.65 


K3V(e) 


68 


90 


s 


BD-09 1108 


05 15 36.5 


-09 30 51 


9.79 


G5V 


78 


85 


s 


CD-30 2310 


05 18 29.1 


-30 01 32 


11.66 


K4Ve 


65 


90 


s 


a Pav 


20 25 38.9 


-56 44 06 


1.91 


B2IV 


56H 


100 


z 


HD 202917 


21 20 50.0 


-53 02 03 


8.69 


G7V 


46H 


100 


z,s 


HIP 107345 


21 44 30.1 


-60 58 39 


11.61 


MOVe 


47 


100 


z,s 


HD 207575 


21 52 09.7 


-62 03 09 


7.22 


F6V 


45H 


100 


z 


HD 207964 


21 55 11.4 


-61 53 12 


6.56* 


F0IV 


47H 


100 


z 



(Continued) 
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Table H (Continued) 



Name 


O2000 


C>2000 


V 


Sp.T. 


D 


P. 


Ref. 












[pc] 


% 




TYC9344-0293 


23 26 10.7 


-73 23 50 


11.83* 


MOVe 


46 


100 


S 


CD-86 147 


23 27 49.4 


-86 13 19 


9.29 


G8IV 


60 


85 


S 


HD 222259B 


23 39 39.1 


-69 1 1 40 


9.84 


K3Ve 


46H 


100 


z,s 


DSTuc 


23 39 39.5 


-69 1145 


8.49 


G6V 


46H 


100 


z,s 



(*) the photometric values are corrected for duplicity. 

The distances are from Hipparcos (H in the table) or kinematical ones, calculated with 
th e convergence method . 

Z= IZuckerman & Song I d2004bl) : S=in the SACY survey. 



the Col and Car associations, as we noted before, are loose associations immersed in 
a field of young stars with similar kinematical and physical properties, and therefore 
their cutoff values may be lower. Compared to other well defined associations, we have 
chosen for both associations lower cutoff probabilities (p=0.6), but yielding consistent 
membership lists. It is another sign of the sea of young stars in this region, possibly 
belonging also to the GAYA complex, but more kinematically dispersed. But Col and 
Car Associations are also large and distant, near the SACY limit (see Table |2j the 
other three distant associations are compact or are at special locations in the hexa- 
dimensional space). Therefore we lose almost completely their low mass population. 
A deeper survey would give a better insight into these associations. Another approach 
could be to define a "GAYA" association, with less restrictive kinematical parameters, 
but losing the details. 

The age obtained for the Col Association is the same as that for the Tuc-Hor and 
Car associations, but it depends largely on the badly determined low equivalent width 
of the Li line of GSC 8077-1788, a MOVe wide companion of HD 31242 (sep.=18.3"). 
Stars near K0 indicate an older age (see Figure ITTb. thus the age proposed for the Col 
Association in Table[2]should be better investigated. Compared to all other associations 
exhibiting an expansion in the X direction (FigureQ}, the Col Association is the farthest 
towards the Galactic anti-center. There seems to be a correlation of age with X, in the 
sense that associations farther towards the Galactic center tend to be younger. An older 
age for the Col Association w ould follow s uch a trend. 

CD-52 381, proposed by iTorres et all (l2000h to belong to the Ho r Association, is a 
more probable member of the Col A ssociation. IChauvin et al.1 d2003l) fo und a possible 
substell ar companion, confirmed by iNeuhauser & Guenther ( 20041) and lChauvin et al. 
(l2005bh as a brown dwarf (M~ 25 Mj). 



BD-08 1115 (PDS lll)isawTTS in the direction of the Orion Cloud (ITorres et al. 



1995a), but the convergence method gives a much shorter distance and we propose that 
it belongs to the Col Association. If the source IRAS 05222-0844 is really associated 
with this star and if the membership is correct, it would have an exceptional amount of 
circumsteilar material for such an old star. 

BD-08 1195, very similar to PDS 111, is also in the direction of the Orion Cloud 
(lAlcala et al.ll2000h . and as PDS 1 1 1 we propose it to belong to the Col Association. 

HD 36329 is a double line spectroscopic binary star, discovered in the SACY, with 
similar components. HD 62237, observed once, is another possible SB2. Zickgraf et 
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Table 5. The high probability members proposed for the Columba Association 



Name 


"2000 


^2000 


V 


Sp.T. 


D 

[pc] 


P. 

% 


Ref. 


PD <n9 iai 


01 S9 14 f 
Ul JZ 1H.0 


S9 10 11 
-JZ I7 JJ 


IO 80* 
lU.oy 


i\z v ^e j 


09 

yZ. 


so 

oU 





DU- 1 JJ 1 


09 01 IS f 
UZ Ul JJ.O 


1 f. 10 01 
- ID 1U Ul 


1 11 
1U. J J 


iv 1 v ^ej 


78 
/ 


0^ 

yJ 


c 



fT> 44 7S1 

UlJ-HH /JJ 


09 IO 19 4 
UZ jU JZ.H 


41 49 91 

_i Tj HZ Zj 


1 49 
1U.HZ 


rO V 


^9 

JZ 


70 
/U 


c 



rd i i £/i o 
DD- 1 1 OHo 


Ol 9 1 40 7 
UJ Z 1 Hy. / 


1 S9 18 
- 1U JZ 1 


1 1 19 
1 1 . JZ 


isxi ve 


1 97 
1Z / 


7^ 

/ J 






V1991 Tan 
V 1ZZ1 laU 


0^ 98 1 S 
Uj Zo Ij.U 


4-04 00 48 
+UH yjy Ho 


70* 
y./yj 


1VU 


84 
oH 


DU 


0,Z1 


n lj ZI7JJ 


0^ ^1 90 8 
uj j 1 zu.o 


^0 ^0 SO 

-JU JU J7 


0^* 
7.7J 


/i ve 


1 99 

1ZZ 


70 
/U 


c 




Ufi 9 1 QQ7 
II LJ Z 1 77 / 


0^ ^1 ^ f 
uj j 1 jj.u 


9S 'Xf si 

-ZJ JO J 1 


f\ ^8 
D. Jo 


/\ J V 


71 LI 
/ Jrl 


80 
oU 


1V1 


/UU 


0^ S7 ^7 9 
Uj J / J / .Z 


04 1 f \f 
-UH ID ID 


10 £1 
1U.D 1 


uo v yc) 


1 0^ 
1UJ 


OJ 





RD 1 C 70S 

DJJ-lJ /Uj 


04 m ifi s 

UH UZ ID. J 


1 S 91 ^O 
-lj Zl JU 


1 O 17 
1U. 1 / 


Jvj(e) 


40 


1 J 


Z,o 


un 9^,080 
n lj ZD70U 


04 14 99 
U4 1H ZZ.O 


^8 10 09 
-Jo 1? UZ 


08 
7.U0 


UJ V 


II 

jrl 


00 

y\j 


c 


n L7 Z / O / " 


04 9 1 10^ 
UH Z 1 1U. J 


94 ^9 91 
-ZH JZ z 1 


A'X 
7.H J 


n9v 

UZ V 


7^ 

/ J 


OS 

yj 




Pr> 4^ 1 ^QS 
u.L'-Hj Ijyj 


04 9 1 48 7 

Z 1 Ho. / 


4^ 17 "k'X 

-4j 1 / J J 


10 18 
1U. 1 


O / V 


1 A'X 
1HJ 


100 
1UU 





rn as 178S 


04 ^4 SO 8 
UH JU.o 


47 91 
-JJ H/ Zl 


10 84 
lU.oH 


ivi ve 


77 
/ / 


8S 

OJ 


c 




uri 10447 
11 LJ JUHH / 


04 Af 40 S 
UH HO Hy.J 


ft 1 8 00 
-ZD lo yjy 


7 8S 
/ .0 J 


rj v 


78H 
/ on 


DU 


1V1 


n<;r , 8077 naa 


04 S1 SI O 
UH J 1 JJ.U 


Af, 47 ^1 
-HD H/ Jl 


1 1 Ol 
1 j.Uj 


iviu ve 


SO 
oU 


as 

OJ 


c 



uri 11 949 
n lj j izhz 


04 S1 S^ 

UH J 1 JJ.U 


df 47 1 ^? 
-HD H/ 1 J 


8^ 


v J J V 


79 

/ Z 


8S 

OJ 





uri 9798^ 
n lj z / zo jo 


04 S^ OS 9 
UH JJ Uj.Z 


48 44 ^0 

-Ho HH J7 


10 78 
1U. / 


jvz v ^e^ 


/D 


80 
oU 







TYfSQOO 1 1 80 

1 ILJ7UU 1 IOU 


04 S8 ^S 8 

UH JO JJ.O 


K 17 11 
1 J J / J 1 


111S 
1 1 . 1 J 


OQV 

V I V V 


1 ^9 

1 JZ 


00 

y\J 


c 




Rn 08 QQS 


04 S8 48 f 
UH Jo Ho.O 


08 A% 40 
-Uo Hj HU 


10 ^9 
1U. JZ 


IvU V 


8^? 

OJ 


OJ 





11 n 19179 
n L7 JZ J 1 Z 


OS OO O 

uj uu ji.y 


41 01 07 
-HI Ul U / 


^0 

y . JU 


uj v 


79H 
/ Zrl 


OS 

yj 


c 



r\o UOl 


OS 90 ^8 
Uj zu jo.U 


in is 

-J7 HJ 1 


7 %A 
1 . JH 


ru v 


AfW 
HDrl 


70 
/U 


z 


Rn os 111s 


OS 94 XI 'X 
Uj zh j / . j 


08 49 09 

-Uo HZ UZ 


88 
y .00 


kj 1 v yc ) 


1 1 8 
1 lo 


80 
oU 




un 1S841 
n lj j j oh 1 


OS Of "36 f> 
UJ ZD JD.D 


99 90 94 

-ZZ Z7 ZH 


8 01 


P^V 
rj v 


Qf 
yyj 


OJ 


1V1 


un 974^^1 

n LJ z / HJOl 


OS 98 SS 1 

Uj Zo jj. 1 


4^ %A ^8 
-HJ JH Jo 


1 1 4^ 

1 1 .H J 


K"1 V^p"i 
iv 1 v yc ) 


78 
/ 


7S 

/ J 


q 



11 n 1^190 


OS 90 94 1 
UJ Ly ZH. 1 


14 IO 
-JH JU JD 


99* 
y .LL 


cvxv 
uj v 


7^H 
/ J n 


yj 


c 


Aft T 

/\U l^ep 


os IO 1 
Uj jU ly.U 


10 1 f, 19 
-17 ID JZ 


£9 
y.DZ 


UD V 


111 
111 


OS 

yj 


c 



RD-08 1 195 


05 38 35 


-08 56 40 


9 84 


G7V 

vj / V 


83 


80 




HD 38207 


05 43 21.0 


-20 11 21 


8.46 


F2V 


93 


80 


M 


HD 38206 


05 43 21.7 


-18 33 27 


5.73 


AOV 


69H 


95 


M 


CD-38 2198 


05 45 16.3 


-38 36 49 


10.95 


G9V 


90 


85 


s 


CD-29 2531 


05 50 21.4 


-29 15 21 


11.31 


KOV(e) 


149 


95 


S 


CD-52 1363 


05 51 01.1 


-52 38 13 


10.61 


G9IV 


106 


85 


S 


HD 40216 


05 55 43.1 


-38 06 16 


7.46 


F7V 


54H 


80 


z 


CD-40 2458 


06 26 06.9 


-41 02 54 


10.00 


KOV 


91 


70 


S 


CD-48 2324 


06 28 06.1 


-48 26 53 


11.08 


G9V 


135 


60 


S 


TYC4810-0181 


06 31 55.2 


-07 04 59 


11.80 


K3Ve 


96 


70 


S 


HD 48370 


06 43 01.0 


-02 53 19 


7.92 


G8V 


35 


70 


S 


CD-36 3202 


06 52 46.8 


-36 36 17 


11.22 


K2V(e) 


135 


100 


S 


HD 51797 


06 56 23.5 


-46 46 55 


9.84 


KOV(e) 


75 


80 


s 



(Continued) 
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Tabled (Continued) 



Name 


02000 


^2000 


V 


Sp.T. 


D 


P. 


Ref. 












[pc] 


% 




CD-39 3026 


07 01 51.8 


-39 22 04 


11.05 


G9V(e) 


189 


75 


S 


HD 62237 


07 42 26.6 


-16 17 00 


9.88* 


G5V 


104 


85 


S 



(*) the photometric values are corrected for duplicity. The distances are from Hipparcos 

(H in the table) or kinematical ones, calculated with the convergence method. 

S =in the SACY survey ; s=obs erve d in the SACY, but out side of the samp le definition; 



z= 



Zuckerman & Son g (2004b); M=Mo6r et al. (2006); zi=Z ickgraf et all d2005l) . (Here 



and in the next tables, small letters in the last column mean a star not pre 
authors to belong to this association). 



posed by the 



al. (|2005[) detected VI 221 Tau as a double line spectroscopic binary, probably the same 
as the visual pair (sep=0.9") whose brighter component is a fast rotator (Cutispoto et 
al. 1 19991) . AS Col may also be a spectroscopic binary, since there is some spread in 
the published velocitie s, but it is a fast rotator and a short period photometric variable 
dCutispotoetal.il 1999b . 

There are four visual binaries in the Col Association: besides HD 31242, CD- 
52 381 and V1221 Tau mentioned above, HD 21955 is a close visual binary (sep.=0.9")- 
VI 221 Tau has a possible F8 distant companion (sep=73") measured by Hipparcos - our 
kinematical distance is shorter but within the parallax errors. 



3.3. The Carina Association 



The convergence method yields 23 high probability members for the Car Association^] 
presented in Table [6] As explained for the Col Association, we chose a low cutoff 
probability. Only one member was not ob served in the SACY: HD 107722 - it is in 
front of the Cha region (W hittet et al.lll997 ). The authors prop osed a distance of 74 p c 
and negligible reddening. T he data used here were taken from iGuenther et ail ( 2007). 
There are also three stars that lZuckerman & Song I (2004b) proposed as members of the 
Tuc-Hor Association, al l in the SACY sample. 

Makarov & Urban (2000) found a sparse young moving group located in Carina 
and Vela and from their list of 58 candidate members, eight are probable members of 
the Car Association. Nevertheless, their moving group is more similar to the Argus 
Association and it will be discussed in Section 7. The age of the Car Association is 
similar to the one of the Tuc-H or Association. 

AB Pic was proposed by Song et al.l d2003l) as a member of the Tuc-Hor Asso- 
ciation and we now change it to the Car Association. It has a low mass companion 
detected by IChauvin et al.1 d2005cl) . at the brown dwarf/planet boundary, and it may be 
one of the few planets detected by direct imaging (see Section 9). 

There are two double line spectroscopic binary stars in the Carina Association: 
CD-53 2515, discovered in SACY and observed on 17 nights with an orbital period of 



5 The Car Association must not be confused with the Carina-Near moving group proposed by Zuckerman 
et al. ( 2006), supposed to be much older (~200 Myr) and therefore beyond the scope of this review. 
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Table 6. The high probability members proposed for the Carina Association 





Q2000 


"2000 


v 


op. 1 . 


D 
u 

LP C J 


p 

/€ 


rvcl. 


HD 42270 


05 53 29.3 


-81 56 53 


9.14 


K0V 


59 


70 


s 


AB Pic 


06 19 12.9 


-58 03 16 


9.13 


KlV(e) 


45H 


60 


z,S 


HD 49855 


06 43 46.2 


-71 58 35 


8.94 


G6V 


56H 


90 


z,S 


HD 55279 


07 00 30.5 


-79 41 46 


10.11 


K2V 


64H 


70 


z,S 


CD-57 1709 


07 21 23.7 


-57 20 37 


10.72 


K0V 


100 


70 


s 


CD-63 408 


08 24 05.7 


-63 34 03 


9.87 


G5V 


104 


100 


S,m 


CD-61 2010 


08 42 00.4 


-62 18 26 


10.95 


K0V 


147 


100 


S,m 


CD-53 1875 


08 45 52.7 


-53 27 28 


10.29 


G2V 


145 


90 


S,m 


CD-75 392 


08 50 05.4 


-75 54 38 


10.59 


G9V 


101 


80 


S 


CD-53 2515 


08 51 56.3 


-53 55 57 


11.06* 


G9V 


141 


100 


S 


TYC8582-3040 


08 57 45.7 


-54 08 37 


11.71 


K2IV(e) 


159 


100 


S,m 


CD-49 4008 


08 57 52.2 


-49 41 51 


10.51 


G9V 


111 


100 


S,m 


CD-54 2499 


08 59 28.8 


-54 46 49 


10.08 


G5IV 


106 


100 


S,m 


CP-55 1885 


09 00 03.3 


-55 38 24 


10.83 


G5V 


122 


100 


S 


CD-55 2543 


09 09 29.3 


-55 38 27 


10.20 


G8V 


133 


100 


S 


CD-54 2644 


09 13 16.9 


-55 29 03 


11.36 


G5V 


132 


100 


S 


V479 Car 


09 23 35.0 


-61 11 36 


10.86 


KlV(e) 


85H 


90 


S,m 


HD 83096 


09 31 24.9 


-73 44 49 


7.49* 


F2V 


79H 


90 


s 


HIP 46720B 


09 31 25.2 


-73 44 51 


10.02* 


G9V 


79H 


80 


S 


CP-52 2481 


09 32 26.1 


-52 37 40 


10.86 


G8V 


139 


100 


s 


CP-62 1293 


09 43 08.8 


-63 13 04 


10.44 


G6V 


77 


100 


S,m 


CD-54 4320 


11 45 51.8 


-55 20 46 


10.24 


K5Ve 


44 


80 


S 


HD 107722 


12 23 29.0 


-77 40 51 


8.30 


F6 


67 


60 


g 



(*) the photometric values are corrected for duplicity. 

The distances are from Hipparcos (H in the table) or kinematical ones, calculated with 
the convergence method. 

S= in the SACY survey; s=ob served in the SACY, but outside of the sample definition; 
m= lMakarov & Urban! d2000h proposed thi s star as belonging to t he Carina- Vela moving 
group, z= IZuckerman & Songl (l2004bl) ; g= lGuenther et al.1 (120071) . 



24.06 days, and the faint visual companion of HD 83096 (sep.= 1.9"), the only visual 
binary of this association, observed only once spectroscopically. 



4. The TW Hya Association 



Although the TW Hya Association was the first of the nearby associations discovered, 
it is one of the hardest to establish memberships for by the convergence method, due 
to the lack of good kinematical data. The reasons for this lack are two-fold. First, as 
many of the members proposed are faint they have no accurate proper motions, like 
those of the Hipparcos mission. And second, there is a large number of binary stars 
in the TW Hya Association. Close visual binaries make the determination of proper 
motions using photographic plates less reliable. If the orbit has a relatively short period 
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it is necessary to use the systemic motion, which is also not easy to obtain. Moreover, 
there are suspected long period single line spectroscopic binaries, systems for which it 
is hard to obtain systemic velocities. 

One example is TWA 3 (Hen 3-600), a visual binary separated by 1.5": its barycen- 
ter may not coincide with the photocenter on a plate. There could be orbital motion not 
taken into account in the published proper motions. The separation of 1.5" does not 
allow to obtain separate spectra with FEROS or similar fiber spectrographs. For slit 
spectrographs the effort to obtain separate spectra may arise in bad slit centering, re- 
sulting in velocity shifts. We may therefore expect that the radial velocity of TWA 3 is 
unreliable. Moreover (or as a consequence...), one of the stars of the pair is suspected to 
be a long period single line spectroscopic binary, maybe even both! Actually Jayaward- 
hana et al. (120061) claim that TWA 3A is a double line spectroscopic binary star, but as 
they give no details, we can not correct the photometry for duplicity and TWA 3 also 
requires more precise proper motion determinations (the US NO proper motions used 
here are of lower quality). In our solution both stars are over-luminous, which may be 
another indication of these possible missing companions. 

Lists of potenti al members of the TW Hya A s sociation appear in iReidl (120031) . 
Torres et all (12003d). IZuckerman & Song I d2004bh. iM amaie kl (120051) and Barrado y 



Navascues (120061) . Stars in the TW Hya Association have traditionally been designated 
with association names. There are 28 stars with TWA designations, eight of them being 
visual binaries with separation greater than 1" that allow us to study each component 
separately. From these 36 stars, 11 are in the SACY sample and we obtained spectra 
for 17 stars. We tried to introduce all proposed stars to be tested by the convergence 
method. For the sake of getting the most hom ogeneous data w e used SACY data when- 
ever possible. The other data were taken from lMamajekl (120051) . who got proper motions 
for some stars and compiled radial velocities for all stars. There are four stars that lack 
kinematical data and could not be used in this way: TWA 15B, TWA 2 2, TWA 23 and 
TWA 28 (SSPM J1102-3431: a young brown dwarf . IScholz et al.ll2005l) . 

Applying the convergence method to the 32 remaining stars we found 22 to be high 
probability members (seven in the SACY sample). They a re listed in Table|7J From the 
ten stars rejected, six are also rejected by iMamajekl d2005l) : TWA 12 (p=0.6, and farther 
in Y direction); TWA 17 (p=0, distant and with bad resultant spatial velocity); TWA 18, 
TWA 19A and B, TWA 24 (all with p=0 and belonging to the Sco-Cen Association). 
This possible membership of the Sco-Cen Assoc iation for some of the TW Hy a As- 
sociation candidate stars was proposed earlier by Mamai ek & Feigelsonl d2001 ). The 
other four rejected stars are: TWA 15 (p=0, the proper motions are unreliable but, any- 
way, the photometric data impose an unacceptably large distance); TWA 21 (p=0.6, is 
farther in Z direction); TWA 6 (p=0.7, it is in the SACY sample); TWA 14 (p=0.3, is 
somewhat farther in Y direction). These last two stars show spreads in their published 
radial velocities and could be single line spectroscopic binaries. With the determina- 
tion of the systemic velocities they could eventually become bona fide members of the 
TW Hya Association. TWA 6 and TWA 14 should be considered as possible TW Hya 

Association members. 

TW Hya itself (TWA 1) is a cTTS dRucinski & Krautterlll983l). it is very well 
studied and possesses an optical circumstellar disk dKrist et al 2000). There is an 
extensive bibliography both about TW Hya and its disk. It is also one of the oldest cTTS 
known. As already mentioned in Section 1.1, in the PDS program we had searched for 
other young stars around it using IRAS source or emission line stars in the Stock & 
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Table 7. The high probability members proposed for the TW Hya Association 



Name 


CK2000 


(52000 


V 


Sp.T. 


D 

[pc] 


P. 

% 


Ref. 


TWA 7 


10 42 30.1 


-33 40 16 


11.65 


M2Ve 


28 


100 


W,S 


TWA 1 


11 01 51.9 


-34 42 17 


11.07 


K6Ve 


53 


100 


G,S 


TWA 2 


11 09 13.8 


-30 01 40 


11.43* 


M2Ve 


41 


90 


G,S 


TWA 3B 


11 10 27.8 


-37 31 53 


13.07* 


M4Ve 


37 


90 


G 


TWA 3A 


11 10 27.9 


-37 31 52 


12.57* 


M4Ve 


37 


90 


G 


TWA 13A 


11 21 17.2 


-34 46 46 


11.46* 


MlVe 


55 


100 


St 


TWA 13B 


11 21 17.4 


-34 46 50 


11.96* 


MlVe 


55 


100 


St 


TWA 4 


11 22 05.3 


-24 46 40 


9.42* 


K5V 


44 


100 


G,S 


TWA 5A 


11 31 55.3 


-34 36 27 


12.12* 


M2Ve 


45 


90 


G,S 


TWA 5B 


11 31 55.4 


-34 36 29 


20.40 


M8Ve 


45 


90 


W 


TWA 8A 


11 32 41.2 


-26 51 56 


12.23 


M3Ve 


39 


100 


W 


TWA 8B 


11 32 41.2 


-26 52 09 


15.3 


M5Ve 


40 


100 


w 


TWA 26 


11 3951.1 


-31 59 21 


20.5 


M8Ve 


41 


100 


Gi 


TWA9B 


11 48 23.7 


-37 28 48 


14.00 


MlVe 


68 


90 


W,S 


TWA9A 


11 48 24.2 


-37 28 49 


11.26 


K5Ve 


68 


100 


w.s 


TWA 27 


12 07 33.4 


-39 32 54 


20.2 


M8Ve 


53 


100 


Gi 


TWA 25 


12 15 30.7 


-29 48 43 


11.44 


MlVe 


51 


100 


So,S 


TWA 20 


12 31 38.1 


-45 58 59 


13.3 


M3Ve 


73 


100 


R 


TWA 16 


12 34 56.4 


-45 38 07 


12.8* 


MlVe 


70 


100 


Zb 


TWA 10 


12 35 04.2 


-41 36 39 


12.96 


M2Ve 


52 


100 


W 


TWA 11B 


12 36 00.6 


-39 52 16 


12.80 


M2Ve 


67H 


90 


Zb,S 


TWA 11A 


12 36 01.1 


-39 52 10 


5.78 


A0V 


67H 


100 


Zb 



(*) the photometric values are corrected for duplicity. 

The distances are from Hipparcos (H in the table) or kinematical ones, calculated with 
the convergence method. 

S=in t he S ACY survey; G=lGregorio-Hetem et all (Il992l); Gi= lGizisl (l2002h; R=lReid 



(2003); So=Song et all (120031) ; St= lSterzik et all (119991) ; W= IWebb et all 11999); 



Zb= Zuckerma n et all ( 200 let) . 



Wroblewski (1 1972b catalog, resu lting in the discover y of four stars (Ide l a Reza et all 
ll989l : lGre gorio-He tem et al.lll992l) . later confirmed by Ka stner et al.l (119971) . They were 
designated with the names TWA 2 to TWA 5. 

TWA 2 (CD-29 8887) was serendipitously discovered dde la Reza et al.ll 19891) at 
the beginning of the PDS survey (the nearby IRAS source is a galaxy) and no disk has 
been detected for this star. It is a visual binary (sep.=0.6"). 

TWA 3 (Hen 3-600, see above) was the first star observed in the PDS survey. Al- 
though the binary system has roughly equal mass c omponents, only the prima ry (pos- 
sibly a double line spectroscopic binary) has a disk ( Jayawardhana et aT1ll999l) . 

TWA 4 (HD 98800 ; TV Crf) was first proposed to be a young star by Gregorio- 
Hetem et al. ( 1992t). It is a visual binary star (sep.=0.8"). and lTorres et al.1 ( 1995bl) 
established that both visual components are themselves spectroscopic binaries, the pri- 
mary being a single line spectroscopic binary (period=262 d) and the secondary a dou- 
ble line spectroscopic binary (period=315 d). A preliminary orbit of the visual system 
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Figure 12. Combinations of the sub-spaces of the UVWXYZ-space for the 
TW Hya Association showing a well defined clustering in both kinematical and spa- 
tial coordinates. 




(V-I)c (v-l)c 



Figure 13. Left: The HR diagram of the members proposed for the TW Hya As- 
sociation; the over-plotted isochrones are the ones for 5, 8, and 70 Myr. Right: The 
distribution of Li equivalent width as a functi on of (V-I)c', t he curves are the upper 
and lower limits for the age of the Pleiades ( Neuhauserl l 1 997h . 
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is presented by iTokovinir] ( 1999 ). Th e subsystem TWA 4B has a visual and physical or- 
bit determined by Bod en et al. using interferometry with the Keck telescope and 
images from the Hubble Space telescope. TWA 4B is surrounded by a disk (Koerner et 



al. I2000h . 

TWA 5 (CD-33 7795) harbors the b rown dwarf companion TWA 5B (sep.=2"), 
(lLowrance et al.|[l999l: IWebb et al]|l999f). TWA 5A is also res olved as a close visual 
binary with nearly equal compone nts by Macinto sh et al. ( 20001) . and an orbit solution 
with a 5.9 yr period is presented by lKonopacky et al.1 (120071) . The situation is even more 
complicated as some authors dete cted radial velocity variations in TWA 5A, indicating 
another object in the system (see lTorres et al. 2003c ). The lines sometimes suggest a 
double line spectroscopic binary (see iReidf 20031) and could be from the close visual 
components. The apparent high rotation may come from the blended lines of both 
components. Nevertheless, the mean lines of the 10 SACY spectra are consistent with 
a sinusoidal variation with a period very close to 1 day. 

TWA 7 (GSC 7190-2111) was proposed as a TW Hya Association member by 
Webb et a ll (Il999j) (tog ether with TWA 6 to TWA 10). A suspec ted disk dZuckerman 

2001dl:lLow etal.ll2005h was confirmed bv iMatthews et all (l2007l) . 

TWA 8 (GSC 6659-1080) was discovered as an a ctive star bvlFlemingl dl998h . and 



(119991) . They also 



was proposed as a TW Hya Association member by IWebb et al 
detected a faint companion at a distance of 13" (TWA 8B). 

TWA 9 (HIP 57589), another one of the members p roposed bv lWebb et ail (1 1999b . 
was independently discovered by Jense n et al.l (1 19981) and it is also a visual binary 
(sep.=5.8"). 

TWA 10 (GSC 7766-0743). proposed as a TW Hya Association member bv Webb 
et al. d 19991), has H a variations, probably from a chromospheric flare event, not due to 
accretions dJayawardhana et aUl2Q06h . 

TWA 11 (HR 4796) is the only early-type star (spectral type AO) in the TW Hya 
Association - all other memb ers are later than K5 ! The presence of a disk around it was 
proposed by Jura et al. d 19931) and later confirmed through infra red imaging b v Koerner 



et al. dl998l) and IJavawardhana et all dl998l). IWebb et all (Il999h proposed that this 
star belongs to the TW Hya Association. IZuckerman et al.l (l2001ch searched for young 
stars near TWA 1 1 and found six more TTS. They proposed all these stars to belong to 
the TW Hya Association (TWA 14-19). In our analysis, only TWA 16 is a bona fide 
member. lJura et al] d 19931) showed that TWA 1 1 A/B (sep.=7.8") form a physical system 
with the AO primary (they rejected th e "C" star) and they suggested that TWA 11B may 
be a young star, later confirmed by Stauffer et all dl995h . 

TWA 13 (CD-34 7390) is a visual binary (sep.=5.1"). Both c omponents have TT S 
signatures and are proposed as TW Hya Association members bylSterzik et all (1 1999h . 

TWA 16 is a member proposed by IZuckerman et al] ( 200ld) . They argue it is a 
close visual binary (sep.=0.7"), but this needs c onfirmation. 

TWA 20 (GSC 8231-2642) is rejected bv ISong et all d2003l) due to its weak Li 
(EW=160 mA). Indeed, this value is somewhat discrepant, as can be seen in Figure [T3l 
However, it may depend critically on its phot ometry (whic h may be highly uncertain), 
and Li may easily be depleted in this star. iMamajekl d2005l) also agrees with its mem- 
bershi p. However. TWA 20 is also claimed to be a spectroscopic binary ( Javawardhana 
et al."[2006), so its radial velocity might be uncertain. 
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TWA 21-25 were proposed by ISong et all <l2003h . We rejected TWA 21 and 
TWA 24 and there are no complete kinematical data to test TWA 22 and TWA 23. 
TWA 25 (GSC 7760-0283) is a bona fide member. 

T WA 26 and T WA 27 are brown dwarfs proposed as TW Hya Association mem- 
bers by iGizisI (l2002h . 

TWA 27 is a visual binary with a companion of Jupiter mass (IChauvin et al. 2004, 

2005al) . The system was analyzed by Moha nty et al.l ( 2007 ) who found that the plan- 



etary mass object would be underlu minous. They sug gested an edge-on disk around 
it to explain this discrepancy (but see lMarley et al.ll2007l) . Its a ge and distance match 
very well with thos e proposed here. It has also an accretion disk (IRiaz et al.ll2 QQ6: Riaz 
& Gizis 2007). Ne w trig onometric distan ces have been recently determined by three 
grou ps: iGizis et all (l2007h found 54±3 pc: iBiller & Close! (120071). 59±7 pc: Ducourant 
et al. (120081) . 52.4±1.1. These determinations agree very well with our kinematical 
distance (53 pc; see Table|7]). 

For a discussion of rotation in the TW Hya Association see lLawson & Crause 

( 20051) . Using the period distribution they arrived at a similar conclusion about the 
TW Hya Association memberships presented here. One of the more enigmatic proper- 
ties of the TW Hya Association is the absence of F, G and early-type K stars. As they 
would be very bright, this deficit can not be explained by observational bias. 



5. The e Cha Association 



A kinematic group of you ng stars in the Cha region was proposed earlier by Frink 
et al. (11998 ). The group was discussed by iTerraneg ra et al.l (Il999h. w ho defined 12 
members (four in the SACY sample) and reviewed by iMamajek et al.1 (l2Q00h . when 
studying the rj Cha cluster, calling it the e Cha grou p. Using the first pap ers, they 
suggested nine members, only one in the SACY sample. Feigel soii et all d2003h selected 
X-ray sources, using the Chandra X-ray Observatory, near one of the proposed stars, 
DX Cha, and found some interesting faint young stars that could be related to the star 
e Cha. However, no kine matical data are available for the application of the convergence 



method. Using IR data, Luhman J 20041) propose d three more candidates that also lack 



i propose d 

kinematical data. IZuckerman & Song I (l2004bl) . reviewing the literature, suggest the 
existence of a similar association in this region, with 17 members, which they call the 
"Cha-Near" region. It is considerably larger in space dimension than the proposed e Cha 
group. Among their list, there are only four stars in the SACY sample and six proposed 
members have no complete kinematical data. Their list excludes the region close to the 
star e Cha. but four of the "C ha-Near" memb ers are in the group proposed by Mamajek 



et al. (|2000|).' Thus th e situa tion is unclear - are these three proposed groups the same': 
Mamajek et al. (l2000h used the available kinematical data of the members of the 
i] Cha cluster, obtaining a heliocentric velocity of (-11.8, -19.1, -10.5) km s _1 and a 
distance of 97.3±3.0 pc, close to t he velocities and dis tances we had found for the e Cha 
Association in previous analysis dTorres et al.ll2003allbl) . This poses another question: 
what connection exists between the e Cha group and the i] Cha cluster? 

Unfortunately, to explore these questions, we have few stars in the SACY sample 
in any of these proposed groups, and only a fraction of their proposed members have 
kinematic al data. Thus we included sampl e s of young s t ars from other surveys in this 



region - ICovino et al. I (119971) . iMeld (120031) . Ijames et all (120061 ). iGuenther etaD (l2007h 



and some PDS data. We also added six stars of the t] Cha cluster that have kinematical 
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Table 8. The high probability members proposed for the e Cha Association 



Name 


«2000 #2000 V Sp.T. 


D 


P. 


Ref. 






[pc] 


% 




The rj Cha cluster kinematical members 


EG Cha 


08 36 56.2 -78 56 46 11.36* K4Ve 


99 


100 


S,m 


rj Cha 


08 41 19.5 -78 57 48 5.46 B8V 


97H 


90 


m 


RS Cha 


08 43 12.2 -79 04 12 6.80* A7+A8 


98H 


100 


m 


EQ Cha 


08 47 56.9 -78 54 54 13.92* M3e 


122 


100 


m,c 



Field members 



HD 82879 


09 


28 


21 


1 


-78 


15 


35 


8.99 


F6V 


120 


80 


c 


CP-68 1388 


10 


57 


49 


3 


-69 


14 


00 


10.39 


KlV(e) 


112 


70 


S 


DZ Cha 


11 


49 


31 


9 


-78 


51 


01 


12.9V 


MOVe 


110 


100 


L,g,c 


TCha 


11 


57 


13 


5 


-79 


21 


32 


12.0V 


KOVe 


109 


100 


M,T,Z 


GSC9415-2676 


11 


58 


26 


9 


-77 


54 


45 


14.29 


M3e 


123 


100 


L,T 


EE Cha 


11 


58 


35 


4 


-77 


49 


31 


6.73 


A7V 


105H 


100 


M,Z 


eCha 


11 


59 


37 


6 


-78 


13 


19 


5.34* 


B9V 


111H 


100 


M 


HIP 58490 


11 


59 


42 


3 


-76 


01 


26 


11.31 


K4Ve 


93H 


90 


S,M,T,Z 


DX Cha 


12 


00 


05 


1 


-78 


11 


35 


6.73* 


A8Ve 


116H 


100 


M,T 


HD 104237D 


12 


00 


08 


3 


-78 


11 


40 


14.28 


M3Ve 


116 


100 


F 


HD 104237E 


12 


00 


09 


3 


-78 


11 


42 


12.08 


K4Ve 


116 


100 


F 


HD 104467 


12 


01 


39 


1 


-78 


59 


17 


8.56 


G3V(e) 


104 


100 


S,T,Z 


GSC9420-0948 


12 


02 


03 


8 


-78 


53 


01 


12.48 


MOe 


120 


100 


c 


GSC9416-1029 


12 


04 


36 


2 


-77 


31 


35 


13.81* 


M2e 


123 


100 


Z,T 


HD 105923 


12 


11 


38 


1 


-71 


10 


36 


9.16 


G8V 


115 


80 


S 


GSC9239-1495 


12 


19 


43 


5 


-74 


03 


57 


13.08 


MOe 


105 


100 


Z,T 


GSC9239-1572 


12 


20 


21 


9 


-74 


07 


39 


12.85* 


K7e 


110 


100 


Z,T 


CD-74 712 


12 


39 


21 


2 


-75 


02 


39 


10.30 


K3e 


103 


90 


S,T,Z 


CD-69 1055 


12 


58 


25 


6 


-70 


28 


49 


9.95 


KOVe 


101 


80 


S 


MP Mus 


13 


22 


07 


6 


-69 


38 


12 


10.35 


KlVe 


103 


80 


s,g 



(*) the photometric values are corrected for duplicity. 

The distances are from Hipparcos (H in the table) or kinematical ones, calculated with 
the convergence method. 



S=in the SACY surve\ 



F= Feigels on et al.l (2003); L ^Luhman et al.1 
T=TIbrranegra et all (Il999h : Z= IZuckerman & Song 



/ey; 

M= lMamaiek et all (120001) : 

member of the "Cha-Near": c=ICovino et all d 19971). wTTS in Cha region: g= Gregorio 



(2008); 
(2004b), 



Hetem et al. Il992|), (PDS); m=jMamajek et ajj dl999j), member of the rj Cha Cluster. 



data: EG Cha is in SACY; for EM Cha we took th e data from lCovino et all dl997l) : for 
EO Cha and EQ Cha from iGuenther eTaD (l2007h: for rj Cha from SIMBAD and for 
RS Cha from lAlecian et all d2005h . 

The application of the convergence method yields 24 kinematical members pro- 
posed for the e Cha Association (Table [8] and Figures [14] and [TBI ), near the 5 Myr 
isochrone, and at a mean distance of 108 pc, eight of them in the SACY sample. Due to 
the low extension in X direction (Figure O w e used n o expansion. This solution is dis- 
tinct from the preliminary one by iTorres et al.l ( 2003allb ). being farther away and larger. 



31 



It has eight new members proposed, four of them belonging to the SACY sample, be- 
sides those of previous suggested associations. As this "new" association includes e Cha 
itself, its brightest member, we keep with the old designation of the association. This 
association is nearer and older than the more compact background Chal star forming 
region (see the chapter by Luhman in this book). 

The present solution i nclud es nine of the 12 stars of the kinematical group pro- 
posed by Terraneg ra et al.l (Il999t) (only two not in the "Cha-near"). Two stars of their 
list have no published radial velocity and on ly one star is rejected (GSC 9415-1685). 
It also includes five stars of the e Cha group (iMamajek et al.l l2000) (three of them are 
also in th e "Cha-Near" lis t ), and two faint companions of HD 104237 (DX Cha), pro- 
posed by iFeigelson et all (120031) . It is larger than "Cha-Near", including eight of its 
members proposed. Three of the "Cha-Near" stars with kinematical data were rejected: 
HD 99827 is a member proposed for the AB Dor Association (see Section 8); again, 
GSC 9415-1685, using proper motions from UCAC2 and radial velocity from Guen- 
ther et al. d2007l) , is very far from the convergence solution; and the wTTS DW Cha . 
This last star has a close visual companion (sep.=0.07") detected by Kohlerl ( 2001 ) 
and a wide one, GSC 9415-2676, at 16.1". The solution of the convergence method for 
GSC 9415-2676, using the UCAC2 proper motions and the radial velocity from Covino 
etal. 11997), defines it as a high probability member, with a larger distance than the Hip- 
parcos parallax for DW Cha (but still at 2.6<r). Perhaps the close visual companion, not 
detected by Hipparcos, perturbs the parallax and proper motions (and even the radial 
velocities) of DW Cha. If we use the UCAC2 proper motions and no trigonometric 
parallax, the star would be an e Cha Association member and form a physical pair with 
GSC 9415-2676. Even using the Hipparcos data it has a 70% membership probability, 
but with very bad kinematics. Then, DW Cha must be considered a possible member 
of the e Cha Association a nd its astrometri c data deserve re-examination. After this 
analysis was finished, Luhman et al. | (120081) published a new list of members, two of 
them are in Table [8] and one is GSC 9415-2676. Except for DW Cha, the other mem- 
bers proposed have no good-quality kinematical data to be tested by the convergence 
method. 

Finally, from the six members of the 77 Cha cluster having kinematical data, four 
are high probability members of this solution for the e Cha Association. The two not in - 
cluded in the solution are EM Cha, a double line spectroscopic binary dLyo et alj|2003 ) 
without systemic velocity, an d EO Cha, with l a rge di screpancy between the proper mo- 
tions from UCAC2 and from lDucourant et~al] ( 20051) . This kinematical study indicates 
that the 77 Cha cluster may belong to the e Cha Association. Since this conclusion is 
based on only four of the 18 members proposed for the 77 Cha cluster, this must be 
investigated further, with more extensive kinematical data. 

When we try to obtain a photometric parallax for the other members of the clus- 
ter, using the 5 Myr isochrone, we find a mean distance of 120 pc. In fact both these 
14 r\ Cha cluster members, using the 108 pc mean distance, and the 24 members pro- 
posed for the e Cha Association are slightly displaced below the 5 Myr isochrone (see 
Figure [TBI. A compromi se could be to consi der the e Cha Association having an age 
around 6-7 Myr. In fact, Jilinski et al. (2005), using their dynamical approach, argue 
that the e Cha Association and the 77 Cha open cluster were formed together 6.7 Myr 
ago. It is interesting to note that the ages obtained with the convergence method for 
the e Cha, the TW Hya and the (3 Pic associations (all of them possibly formed in the 
Sco-Cen Association), that is, ~6 Myr, 8 Myr and 10 Myr (Table 12), all agree with 
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Figure 14. Combinations of the sub-spaces of the UVWXYZ-space for the e Cha 
Association showing a well defined clustering in both kinematical and spatial coor- 
dinates. Crosses represent the e Cha Association field members and filled circles, the 
r] Cha members. 



d ynamical ages obt ained for the same associations: e Ch a Association, with 6.7 Myr 



dy 
(Ji 



Uilinski et alj|2005l) : TW Hya As sociation with 8.3 Myr (Ide la Reza et all 12006) and 
(3 Pic Association, with 11.2 Myr (lOrtega et al.ll2002l. |2004|) . Clearly distinct ages for 
these three groups appear to be present. 

The new definition of the e Cha Association, given in Tabled with its young age, 
explains better the evolutionary status of MP Mus (PDS 66), commonly classified as 
an "old" cTTS. Its old age aris es mainly from the suggestion that it is a member of 
the LCC (IMamajek et al.ll2002i) . that would have an age of about 15 Myr (but see the 
discussion of Preibisch & Mamajek in their chapter in this book). Our convergence 
method give s a higher likelihood for M P Mus to be an e Cha Associatio n member than 
a LCC one. ISilverstone et all ((2006) find an optically thick disk, and lArgiroffi et al.l 
(120071) study its X -ray emission, but the conclusion of these papers may change with 
the new proposed age. 

Actually MP Mus would not be an exception in the e Cha Associat ion. Two other 
members of the ri Cha cluster are also cTTS: ET Cha (lLawson et al.ll2002l) and RECX 16 
(ISong et al.ll2004 . T Cha, a very interesting TTS, was classified bv lAlcala etall (1 19931) 
as a wTTS, for the strength of the Ha emission. In the PDS we found its Ha highly 
variable, ranging from absorption to 25 A emission. Thus, in its active phase it would 



also b e classified as a cTTS. Its photometric variatio ns are discussed in Batalh a et al.l 
(Il998l) . It could be associated with the cloud FS 195 dCovino et all (1 19971) ) and, in that 
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Figure 15. Left: The HR diagram of the members proposed for the e Cha Associa- 
tion; the over-plotted isochrones are the ones for 5, 8, and 70 Myr. Crosses represent 
the e Cha Association field members, filled circles the -q Cha members kinematically 
proposed as belonging to the e Cha Association, and open circles the rj Cha members 
without complete kinematical data (their distance was supposed to be 108 pc). Right: 
The distribution of Li equivalent width as a functi on of (V — I)q; th e curves are the 
upper and lower limits for the age of the Pleiades (Neuhauseri l 19971) . 



case, it would be the only star in young associations near a cloud. T Cha definitely 
deserves a fresh look. If we accept T Cha as a cTTS, then the e Cha Association has 
four cTTS. This is one more indication that the e Cha Association is younger than the 
TW Hya and the (3 Pic associations, which have only one cTTS each (TW Hya and 
V4046 Sgr). 

In Table [8] there are three double line spectroscopic binary stars: the eclipsing bi- 
nary RS Cha, DX Cha and GSC 94 16-1029. RS Cha has also signatures of 5 Scuti 
type pulsations (lAlecian et al.ll2005l) . The authors revisited the solution for the system 
and found that the orbital period is not constant. lAlecian et all (120071) give an age of 
9.5 Myr for the system, older than our kinematical one. The HAEB E star DX Ch a 
(HP 104237A) has also signatures of 5 Scuti type pulsations dKurtz & Mulled fl 999). 



Bohm et al.1 ([2004) studied the spectroscopic orbit and the 5 Scuti pulsations. This 



very interesting system, with at least two more TTS c omponents (present ed in Table [8] 
as HD 104237D and E), has been studied in detail by IGrady et all (120041) using many 
different techniques. G SC 9416-1029 has recently been detected as a double line spec- 
troscopic binary star by Doppmann et all (120071) with a period of 5.35 days and an age 
of 5 Myr. EQ Cha, 77 Cha, T Cha and HD 104467 are suspected to be spectroscopic 
binaries. EG Cha, EQ Cha, e Cha, DX Cha and GSC 9239-1572 have close visual com- 
panions. Besides RS Cha and D X Cha, another S Scuti star in the e Cha Association is 
EE Cha dKurtz &Mullerill999l) . 

The possible connection between the e Cha Association and the nearby 77 Cha open 
cluster must be investigated further. It is very important to obtain radial velocities for 
the stars having only proper motions and to search for candidates in the region between 
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Figure 16. 45 x 45 arcmin POSS-II red-band image of the T) Cha cluster region, 
centred (plu s) at a 2 oo o = 8h 42m & 62000 = -79°01'. (RECX 16 is outside of the 
field.) From lLvo et all d2004l) . 



the r\ Cha cluster and the main concentration of the e Cha association. For example, 
knowing now the spatial motion of this association, the candidates can be found in 
deeper proper motion surveys. 

5.1. The 77 Cha Open Cluster 

On the basis of a spatial clustering of X-ray sources, Mamaje k et al.l (1 19991) found an 



open, young, and poor cluster in the vicinity of 77 Cha. They proposed 13 members, 
12 of them bei ng X-ray sources. Their main properties a re investigated in Mamajek 
et al. (120001), where the autho rs first show a possible connection with the e Cha Asso- 
ciationT lLawson et al.l ( 200 if) present a photometric study of ten low-mass candidate 
members and find that all are variables, with periods ascribed to ro t ational modulatio n 
by starspots. They e stimate an age of 4-9 Myr. lLawson et all (120021) . ISong et all (120041) . 
an d lLvoet all (12004) propose five more members and the cluster now consists of 18 pri- 
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Table 9. Members of the 77 Cha cluster, not included in Table[8] 



1 >l a 1 1 1 L. 


rvrtif*f 


a 2000 


^2000 


v 


O U. J. . 




RECX 18 




08 36 10.6 


-79 08 18 


17.66 


M5e 


So 


RECX 17 




08 38 51.5 


-79 16 14 


16.82 


M5e 


So 


RECX 14 


ESCha 


08 41 30.6 


-78 53 07 


17.07 


M5e 


L 


RECX 3 


EH Cha 


08 41 37.2 


-79 03 31 


14.37 


M3e 


M 


RECX 13 


HD 75505 


08 41 44.7 


-79 02 53 


7.27 


A1V 


M 


RECX 4 


EI Cha 


08 42 23.7 


-79 04 04 


12.73 


Mle 


M 


RECX 5 


EK Cha 


08 42 27.3 


-78 57 48 


15.20 


M4e 


M 


RECX 6 


EL Cha 


08 42 39.0 


-78 54 44 


14.08 


M3e 


M 


RECX 7 


EM Cha 


08 43 07.7 


-79 04 52 


10.89* 


K6e 


M 


RECX 15 


ET Cha 


08 43 18.4 


-79 05 21 


13.97 


M3e 


L 


RECX 16 




08 44 09.1 


-78 33 46 


17.5 


M5e 


So 


RECX 9 


EN Cha 


08 44 16.6 


-78 59 09 


15.75* 


M4e 


M 


RECX 10 


EO Cha 


08 44 32.2 


-78 46 32 


12.53 


MOe 


M 


RECX 11 


EP Cha 


08 47 01.8 


-78 59 35 


11.13 


K6e 


M 



(* ) the photometric val ues a re corrected for duplic ity. 

L= lLawson et~aD (120021) : M= lMamaiek et all (Il999l) : So= ISong et aD (120041) 

RECX 13 is not a X-ray source but this designation is in SIMBAD. 



mary stars (see Figure [TBI), four of which, with good kinematical data, we found as high 
probability members of the e Cha Association. The 14 members of the -q Cha cluster, 
not included in Table [8l are presented, for completeness, in Table l9l with the Luhman 
& Steeghs (120041) identifi cation numbers . Deeper searche s to find fainter members did 
not produce results so far (ILuhmanll2004l : iLyo et al.ll2006h . 

Besides the binaries mentioned for the e C ha Association, EN Cha is a close visual 
double having similar components (sep.=0.2") (Brandeker etal.ll2006h and EM Cha is 
a doubl e line spectrosc opic binary star with a period of 2.6 d, equal to its photometric 
period (iLvo et al.ll2003l) . 



6. The Octans Association 



The Oct Association was already postulated in SACY dTorres et al.ll2003allbh . In their 



first solution they found only six members, none in the Hipparcos. Of course, this fact 
limits the accuracy of the distances and ages obtained by the convergence method. We 
applied the convergence method assuming an age of 10 Myr based on the lithium dis- 
tribution, using a high p value in Equation [JJ and no expansion (the more conservative 
option). Under these assumptions, the solution has 15 members which are shown in Ta- 
ble [TO] It includes all six members previously proposed (the last six entries in Table [TOl 
which gave the association its name. 

The mean distance, 141 pc, is near the observational limit of SACY and thus ex- 
plains the absence of redder stars. The members proposed include two middle F stars: 
CD-30 3394, observed as its visual companion is a SACY star and HD 155177, ob- 
served in another similar program. CD-72 248 and CD-66 395 are very fast rotators 
(vsin(i) ~200km s" 1 ). They were observed only once, therefore their radial veloci- 
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Figure 17. Combinations of the sub-spaces of the UVWXYZ-space for the Oc- 
tans Association showing a well defined clustering in both kinematical and spatial 
coordinates. 




2 3 12 

(V-I)c (V-I)c 



Figure 18. Left: The HR diagram of the members proposed for the Oct Associ- 
ation; the over-plotted isochrones are the ones for 5, 10, and 70 Myr. Right: The 
distribution of Li equivalent width as a function of (V — I)q; th e curves are the 
upper and lower limits for the age of the Pleiades (Neuhauser 1997b. 
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Table 10. The high probability members proposed for the Octans Association 



Name 


02000 


^2000 


V 


Sp.T. 


D 


P. 


Ref. 












[pc] 


% 




CD-58 860 


04 11 55.6 


-58 01 47 


10.01 


G6V 


82 


90 


S 


CD-43 1451 


04 30 27.3 


-42 48 47 


10.75 


G9V(e) 


120 


80 


s 


CD-72 248 


05 06 50.6 


-72 21 12 


10.91 


K0IV 


143 


100 


s 


HD 274576 


05 28 51.4 


-46 28 18 


10.57 


G6V 


116 


100 


s 


CD-47 1999 


05 43 32.1 


-47 41 11 


10.19 


GOV 


167 


100 


s 


TYC7066-1037 


05 58 11.8 


-35 00 49 


11.24 


G9V 


149 


100 


s 


CD-66 395 


06 25 12.4 


-66 29 10 


10.92 


K0IV 


147 


100 


s 


CD-30 3394A 


06 40 04.9 


-30 33 03 


9.84 


F6V 


141 


70 


s 


CD-30 3394B 


06 40 05.7 


-30 33 09 


10.24 


F9V 


161 


80 


s 


HD 155177 


17 42 09.0 


-86 08 05 


8.88 


F5V 


159 


100 


s 


TYC9300-0529 


18 49 45.1 


-71 56 58 


11.59 


K0V 


196 


100 


s 


TYC9300-0891 


18 49 48.7 


-71 57 10 


11.43* 


K0V(e) 


175 


100 


s 


CP-79 1037 


19 47 03.9 


-78 57 43 


11.16 


G8V 


164 


100 


s 


CP-82 784 


19 53 56.7 


-82 40 42 


10.87 


K1V 


152 


100 


s 


CD-87 121 


23 58 17.7 


-86 26 24 


9.98 


G8V 


122 


100 


s 



(*) the photometric values are corrected for duplicity. 
The distances are calculated with the convergence method. 

S=in the SACY survey; s=observed in the SACY, but outside of the sample definition. 



ties have large errors. In fact, all members proposed, except for the close visual binary 
TYC 9300-0891, have vsin(i) > 20 km s _1 , another indication that the association must 
be young. The companion of TYC 9300-0891 is at 0.9", according to TYCHO-2, and 
they are 20" from TYC 9300-0529. Another wide visual binary in this association is 
the pair CD-30 3394, at a separation of 12.4". There is also a faint star 10.9" from 
CD-87 121, a possible companion. 

Based on these 15 stars, the Oct Association is compact in Y and Z directions, 
but in X direction it appears much larger than expected for the age assumed in the 
convergence method. As a compromise we propose in Table [2] an age of about 20 Myr. 
Its V velocity is peculiar in relation to all other nearby young associations and it has the 
lowest Z. These peculiarities and its position in the sky are the main reasons to believe 
that this association is real despite the small number of members and their distribution 
in X direction. Anyway, that is why we prefer not to use a solution with expansion, 
although using it we obtain a similar solution, but even more extended in X direction. 
A good solution and better age determination must await fainter members and some 
trigonometric distances. 



7. The Argus Association 



The Argus Association was ea si ly discovered in th e SAC Y survey due to its special 
U velocity dTorres et al.ll2003bh . iMakarov & Urban! (l2000l) . analyzing a global proper 
motion convergence map, found a sparse young moving group located in Carina and 
Vela, having considerable geometrical depth. From their list of 58 candidate members, 
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Table 11. The high probability members of the Argus Association 

(a) IC 2391 members 

Name 02000 ^2000 V Sp.T. D % Ref. 

[pc] % 



PMM 


7422 


08 


28 


45 


6 


-52 


05 


27 


PMM 


7956 


08 


29 


51 


9 


-51 


40 


40 


PMM 


1560 


08 


29 


52 


4 


-53 


22 


00 


PMM 


6974 


08 


34 


18 


1 


-52 


15 


58 


PMM 


4280 


08 


34 


20 


5 


-52 


50 


05 


PMM 


6978 


08 


35 


01 


2 


-52 


14 


01 


PMM 


2456 


08 


35 


43 


7 


-53 


21 


20 


PMM 


351 


08 


36 


24 


2 


-54 


01 


06 


PMM 


3359 


08 


36 


55 





-53 


08 


34 


PMM 


5376 


08 


37 


02 


3 


-52 


46 


59 


PMM 


4324 


08 


37 


47 





-52 


52 


12 


PMM 


665 


08 


37 


51 


6 


-53 


45 


46 


PMM 


4336 


08 


37 


55 


6 


-52 


57 


11 


PMM 


4362 


08 


38 


22 


9 


-52 


56 


48 


PMM 


4413 


08 


38 


55 


7 


-52 


57 


52 


PMM 


686 


08 


39 


22 


6 


-53 


55 


06 


PMM 


4467 


08 


39 


53 





-52 


57 


57 


PMM 


1083 


08 


40 


06 


2 


-53 


38 


07 


PMM 


8415 


08 


40 


16 


3 


-52 


56 


29 


PMM 


1759 


08 


40 


18 


3 


-53 


30 


29 


PMM 




OR 


40 


40 


1 
1 


-^3 


37 


4S 


PMM 


1174 


08 


41 


22 


7 


-53 


38 


09 


PMM 


1820 


08 


41 


25 


9 


-53 


22 


41 


PMM 


4636 


08 


41 


57 


8 


-52 


52 


14 


PMM 


3695 


08 


42 


18 


6 


-53 


01 


57 


PMM 


756 


08 


43 


00 


4 


-53 


54 


08 


PMM 


5811 


08 


43 


17 


9 


-52 


36 


11 


PMM 


2888 


08 


43 


52 


3 


-53 


14 


00 


PMM 


2012 


08 


43 


59 





-53 


33 


44 


PMM 


4809 


08 


44 


05 


2 


-52 


53 


17 


PMM 


1373 


08 


44 


10 


2 


-53 


43 


34 


PMM 


5884 


08 


44 


26 


2 


-52 


42 


32 


PMM 


4902 


08 


45 


26 


9 


-52 


52 


02 


PMM 


6811 


08 


45 


39 


1 


-52 


26 


00 


PMM 


2182 


08 


45 


48 





-53 


25 


51 



10.49 


G6 


120 


100 


p,m 


11.62 


Ke 


141 


100 


F 


10.66 


G3 


135 


95 


n 
F 


12.26 




147 


100 


F 


10.34 


G5 


145 


95 


n 
F 


12.07 




128 


100 


F 


12.20 


K3e 


135 


100 


F 


10.18 


GO 


128 


100 


n 
F 


11.51 




137 


100 


F 


14.30 


Me 


132 


100 


n 
F 


9.66 


F5V 


137 


100 


F 


11.35 


G8 


139 


100 


n 
F 


11.58 


G9 


139 


100 


n 
F 


10.97 




147 


100 


F 


11.06* 


G2 


141 


100 


n 
F 


12.63 


Ke 


137 


100 


n 
F 


11.86V 


K0(e) 


137 


100 


n 
F 


10.45V 


GO 


139 


100 


p,m 


11.84 


G9(e) 


141 


100 


F 


13.54 


K3e 


135 


100 


n 
F 


11.08 


G6 


147 


100 


n 

L 


9.54 


F3V 


139 


100 


P 


12.56V 


K3e 


154 


90 


P 


13.57 


K7e 


135 


100 


P 


13.96 


M2e 


137 


100 


P 


11.16 


G9 


149 


100 


P 


9.16 


F2V 


145 


100 


P 


9.76 


F5 


135 


100 


P 


11.67 


K0(e) 


135 


100 


P 


10.85V 


G3(e) 


154 


100 


P 


12.25 




141 


100 


P 


11.46V 


G9(e) 


139 


100 


P 


12.76V 


K3e 


133 


100 


P 


9.91V 


F8Ve 


135 


100 


p,m 


10.22 


G2(e) 


152 


100 


P 



(*) the photo metric values are co rrected for duplicity. 

Names as in IPlatais et all (120071) . The distances are calculated with the convergence 
m ethod. 

p= |Platais et aD (120071) : m= lMakarov & Urban! dlOOO), member of the Car- Vela moving 
group. 
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Table 12. The high probability members of the Argus Association 

(b) Field members 



Name 


O2000 




£2000 


V 


Sp.T. 


D 

[pel 


% 
% 


Ref. 


BW Phe 


00 


56 


55. 


,5 


-51 


52 


32 


9 


,62* 


K3Ve 


56 


90 


S 


CD-49 1902 


05 


49 


44 


,8 


-49 


18 


26 


11. 


.37 


G7V 


133 


90 


S 


CD-56 1438 


06 


11 


53 


,0 


-56 


19 


05 


11. 


.11 


KOV 


101 


95 


s 


CD-28 3434 


06 


49 


45. 


,4 


-28 


59 


17 


10. 


.38 


G7V 


109 


90 


s 


CD-42 2906 


07 


01 


53 


,4 


-42 


27 


56 


10. 


.61 


K1V 


96 


100 


s 


CD-48 2972 


07 


28 


22. 


,0 


-49 


08 


38 


9 


.84 


G8V 


85 


100 


s 


CD-48 3199 


07 


47 


26 


,0 


-49 


02 


51 


10. 


.61 


G7V 


95 


100 


S,m 


CD-43 3604 


07 


48 


49 


,6 


-43 


27 


06 


10. 


.88 


K4Ve 


79 


100 


S 


TYC856 1-0970 


07 


53 


55. 


,5 


-57 


10 


07 


11. 


.50 


KOV 


133 


100 


S,m 


HD 67945 


08 


09 


38. 


,6 


-20 


13 


50 


8 


,08 


F0V 


64 


95 


s 


CD-58 2194 


08 


39 


11 


,6 


-58 


34 


28 


10. 


.11 


G5V 


106 


100 


S,m 


CD-57 2315 


08 


50 


08 


.1 


-57 


45 


59 


10. 


.21 


K3Ve 


94 


100 


S,m 


TYC8594-0058 


09 


02 


03 


,9 


-58 


08 


50 


11. 


,30 


G8V 


141 


100 


S,m 


CD-62 1197 


09 


13 


30 


,3 


-62 


59 


09 


10. 


46 


K0V(e) 


111 


100 


S,m 


TYC7695-0335 


09 


28 


54 


,1 


-41 


01 


19 


11. 


,70 


K3V 


143 


100 


S 


HD 84075 


09 


36 


17. 


,8 


-78 


20 


42 


8 


,59 


Gl 


63H 


100 


g 


TYC92 17-0641 


09 


42 


47 


,4 


-72 


39 


50 


12. 


,40 


K1V 


132 


100 


S 


CD-39 5883 


09 


47 


19 


Q 


-40 


03 


10 


10. 


.89 


KOV 


100 

1 \J\J 


95 




HD 85 151 A 


09 


48 


43. 


,3 


-44 


54 


08 


9 


,61 


G7V 


69 


95 


s 


HD 85 15 IB 


09 


48 


43 


,5 


-44 


54 


09 


10. 


.21 


G9V 


69 


100 


s 


CD-65 817 


09 


49 


09 


,0 


-65 


40 


21 


10. 


.33* 


G5V 


141 


100 


S,m 


HD 309851 


09 


55 


58. 


,3 


-67 


21 


22 


9 


.90 


G1V 


103 


100 


S,m 


HD 310316 


10 


49 


56 


.1 


-69 


51 


22 


10. 


.82* 


G8V 


128 


100 


S 


CP-69 1432 


10 


53 


51 


,5 


-70 


02 


16 


10. 


66 


G2V 


164 


100 


S 


CD-74 673 


12 


20 


34 


,4 


-75 


39 


29 


10. 


.72 


K3Ve 


50 


90 


s,g 


CD-75 652 


13 


49 


12. 


,9 


-75 


49 


48 


9 


,67 


G1V 


81 


95 


s,g 


HD 129496 


14 


46 


21. 


,4 


-67 


46 


16 


8 


,78 


F7V 


85 


95 


s 


NY Aps 


15 


12 


23 


,4 


-75 


15 


15 


9 


,42 


G9V 


50H 


90 


S 


CD-52 9381 


20 


07 


23. 


,8 


-51 


47 


27 


10. 


.59 


K6Ve 


29 


95 


S 



(*) the photometric values are corrected for duplicity. 

The distances are from Hipparcos (H in the table) or kinematical ones, calculated with 
the convergence method 

S=in the SACY survey iTorres et all d2006h : s=not in the SACY sample definition, but 
observed in this program; g=Guenther et al. (2007), wTTS in Cha region; m=Makarov 
& Urban (|2000j) . member of the Car- Vela moving group. 



30 are in SACY, but eight of them are proposed as members of the Car Association 
(Table [6]). Only 1 1 stars of their list are considered as members of the new Argus 
Association (Tables [TT] and [121) . This challenges their proposed moving group. Our 
new definition of the Argus Association is distinct and much larger than the moving 
group mentioned. 
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Figure 19. Combinations of the sub-spaces of the UVWXYZ-space for the Argus 
Association showing a well defined clustering in both kinematical and spatial coordi- 



nates. Crosse 



repre 



ent the field members and filled circles, the IC 2391 members. 



Makarov & Urban ( 2000h also proposed the open cluster IC 2391 as part of this 
moving group. IC 2391 is reviewed by Pettersson in the chapter on Puppis and Vela 
in this book. In order to test the possibility that IC 2391 may be connected with the 
Argus Association, we used proper motio ns and radial velocities of the possible cluster 
members measured by lPlatais et al.l (l2007h . There are 41 stars with all kinematical data, 
excluding the spectroscopic binaries (20) except PMM 4413, for which they published 
an orbital solution. To convert their relative proper motions to the TYCHO-2 system 
we used 17 stars in common. The convergence metho d actually shows qu ite a good 
match between IC 2391 and the Argus Association from lTorres et all (I2003bl) . 

In Table [12] we present an updated solution with the 29 field members, and in 
Table [TT] the 35 IC 2391 members that have similar kinematical and physical data. 
Actually, in Figure [20] it is hard to note any physical distinction between both kinds of 
members. Two of the IC 2391 members proposed ( PMM 1820 and PMM 5376) are 
not considered bona fide ones by iPlatais et al.l ([2007), and only one of their bona fide 
members (PMM 5829) is among the six IC 2391 stars we rejected. The mean distance 
of IC 2391 obtained by this convergence method is 139±7 pc. 

In Figure[l9]the concentration of IC 239 1 can be noted at X ~0 and Y ~-140. The 
obtained distribution in Y axis (a "finger-of-god" effect) is an artifact of the convergence 
method. As IC 2391 is along the Y-direction on the sky, the only possible spread 
coming from the kinematical errors is in the distance (i.e., along the Y-axis). Were 
IC 2391 located in a different place on the sky, the spread would also be in the other 
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Figure 20. Left: The HR diagram of the members proposed for the Argus Asso- 
ciation; the over-plotted isochrones are the ones for 5, 10, 30 and 70 Myr. (Symbols 
are as in Figure 1191 , Right: The distribution of Li equivalent width as a function 
of (V — I) a; the curves are the upper and lower limits for the age of the Pleiades 
(Neuhause3l993). 



space axes and the distribution in space would be more spherical. As the distance 
of IC 2391 is somewhat extreme for the Argus Association, we can suppose that the 
association must be larger and that we have detected on ly its nearby members. To 
avoid confusion with the IC 2391 Supercluster proposed by Eggen| dl99ll) . we remained 
with our designation of "Argus Association". In any case, if the Supercluster is real, 
it eludes detection in the SACY and we can not check it as its members proposed are 
mainly early-type stars that are not in the SACY database. 

Very few of the 29 SACY field mem bers have been observed elsewhere. BW Phe 
was proposed by IZuckerman et al.l (1200 lbl) a s a possible member of the Tucana Asso- 
ciation. CD-39 5883 has been proposed by iReidl (2003) to be a possible member of 
the TW Hya Associatio n. Three st ars are in front of the Cha complex, and were ob- 
served bv lCovinoetaD (1 19971) and lGuenther et all (l2007t) : HD 84075, CD-74 673 and 
CD-75 652. 

Guenther et al. (l2007t) found CD-74 673 as a long period (613.9d) single line 
spectroscopic binary star, and until now it is the only spectroscopic binary among the 
field stars of the Argus Association. 

There are four known visual binaries in this association: BW Phe (sep.= 0.2"), 
HD 85151 (sep.=2.3"), CD-65 817 (sep.=2.0"), and HD 310316 (sep.=0.6"). The star 
CD-48 2972 has a possible bright companion at 81.7", HD 59659, a F7V star with 
V = 8.80. Both their proper motions are similar, and Hipparcos gives a distance of 
90 pc for HD 59659. 
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Table 13. The high probability members proposed for the AB Dor Association 





"2000 


c 

02000 


v 


Sp.T. 


l"ncl 


p 

% 


Ref. 


PWAnd 


00 18 20.9 


+30 57 22 


9.14 


K2V(e) 


27 


100 


z 


HD 4277 


00 45 50.9 


+54 58 40 


7.80* 


F8V 


49H 


95 


z 


HD 6569 


01 06 26.2 


-14 17 47 


9.50 


K1V 


50H 


100 


z,s 


BD-12 243 


01 20 32.2 


-11 28 03 


8.43 


G9V 


35H 


100 


z,s 


CD-46 644 


02 10 55.4 


-46 03 59 


11.24 


K3IVe 


70 


90 


s 


HD 13482 


02 12 15.4 


+23 57 30 


7.94 


K1V 


32H 


100 


z 


HIP 12635 


02 42 21.0 


+38 37 21 


10.28 


K2V 


49 


100 


z 


HD 16760 


02 42 21.3 


+38 37 07 


8.77 


G2V 


48 


100 


z 


HD 17332B 


02 47 27.2 


+19 22 21 


8.11* 


G6V 


33H 


100 


z 


HD 17332A 


02 47 27.4 


+19 22 19 


7.32* 


G1V 


33H 


100 


z 


ISEri 


03 09 42.3 


-09 34 47 


8.48 


GOV 


40H 


100 


L 


HIP 14807 


03 11 12.3 


+22 25 23 


10.47 


K6 


45 


100 


z 


HIP 14809 


03 11 13.8 


+22 24 57 


8.51 


G5V 


50H 


100 


z 


V577 Per 


03 33 13.5 


+46 15 27 


8.26 


G5V 


34H 


100 


z 


HD21845B 


03 33 14.0 


+46 15 19 


11.20 


MOVe 


34H 


100 


z 


HIP 17695 


03 47 23.3 


-01 58 20 


11.51 


M3Ve 


16 


100 


Z,S,z 


HD 24681 


03 55 20.4 


-01 43 45 


9.05 


G8V 


53 


100 


S,z 


HD 25457 


04 02 36.7 


-00 16 08 


5.38 


F6V 


19H 


100 


z 


HD 25953 


04 06 41.5 


+01 41 02 


7.83 


F5 


55H 


100 


z 


TYC5 899-0026 


04 52 24.4 


-16 49 22 


11.61 


M3Ve 


16 


100 


s 


CD-56 1032B 


04 53 30.5 


-55 51 32 


12.10 


M3Ve 


11 


100 


s 


CD-56 1032A 


04 53 31.2 


-55 51 37 


11.16 


M3Ve 


11 


100 


s 


HD 31652 


04 57 22.3 


-09 08 00 


9.98 


G8V 


88 


95 


s 


CD-40 1701 


05 02 30.4 


-39 59 13 


10.57 


K4V 


42 


100 


s 


HD 32981 


05 06 27.7 


-15 49 30 


9.13 


F9V 


81 
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HD218860A 
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-45 08 00 


13.8 


M3Ve 


51H 


100 


s 


HIP 115162 


23 


19 39.5 


+42 15 10 


8.94 


G4 


49H 


100 


z 


HD 222575 


23 


41 54.3 


-35 58 40 


9.39 


G8V 


62H 


100 


s 


HD 224228 
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(*) the photometric values are corrected for duplicity. 

The distances are from Hipparcos (H in the table) or kinematical ones, calculated with 
the convergence method. 

S =in the SACY survey; s=obse rved in the SACY, but outsi de of th e sample definition ; 
L =[L6pez-S antiago et all d2006h; Z= IZuckerman et all d2004d) ; c= ICovino et~aH dl997h . 
z= IZickgraf et all d2005h . 



8. The AB Dor Association 

The AB D or Association is a relativ ely old association (~70 My r), independently po s- 
tulated by IZuckerman et all (l2004cl) . and in the SACY project dTorres et alj|2003alibl) 
with th e designation of AnA. From the 37 members proposed by IZuckerman et all 
(2004c), 18 are in the SACY sample. lLopez-S antiago et al.1 (H006) proposed 11 other 
possible memberfl five of them within SACY. The convergence method was applied 
including the non-SACY members that were proposed. In Table [TBI we present the 89 
high probability members. The solution has a velocity dispersion a little higher than 
the other associations but this may be expected since it is t he oldest one (see Tables [TJ 
and [2]). All members proposed by IZuckerman et al.l d2004cb are also in this solution. 
In Table [13] there are actually 40 stars from their list since we included separately the 
components of three visual binaries, not d iscriminated by them. From the 1 1 members 
proposed by Lopez-Santiago et al. (2006) we classified only three as high probability 



members (one in the SACY). We added 46 new members, 42 from the SACY sample. 

Luhman et al. (2005) have argued that the AB Dor Association is a remnant of the 
large-scale star formation event that has also formed the Ple iades, and being somewha t 



older (75-150 Myr). As their arguments are based on the IZuckerman et all (|2004c) 
list of members it will be important to revisit the question of the origin of the AB Dor 
Association on the basis of the more extensive list presented here. Nonetheless, our 
newly derived space motions are even more similar to those of the Pleiades cluster. 
This commo n origin of the AB Dor Association and the Pleiades has been recently 



reinforced by lOrtega et all d2007b . using Galactic dynamics calculations. This common 



origin would have occurred 1 19±20 Myr ago at a height of about 250 pc below the 
Galactic plane. 

AB Dor itself is a well-studied active star, forming a system of four stars (Close et 
al. l2005l) . We ha ve taken the proper mo tions and the parallax from the rece nt re-analysis 



of the system by iGuirado et all (120061) . using Hipparcos and VLBI data. iJanson et al. 



6 Althou gh the authors say they added 13 stars, actually two of them are in the list of Zuckerman et al. 
( 120043) 
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Figure 21. Combinations of the sub-spaces of the UVWXYZ-space for the 
AB Dor Association showing a well defined clustering in both kinematical and spa- 
tial coordinates. 



(2007) obtain an age of about 50 to 100 Myr for the system. Oose et all (|2007h infer an 
age of about 75 Myr by analyzing new photometric and spectroscopic measurements of 
AB DorC. 

Not only the star AB Dor, but also many other stars in this association have been 
proposed as RS CVn or BY Dra variables. This can be noted by the names in Table [P31 
As, in general, they are fast rotators, the spread of the radial velocity values may in- 
dicate a spectroscopic binary nature, but few were confirmed. As they are young fast 
rotators, they have strong X-ray emission and spots, having therefore been confused 
with the true RS CVn variables. In fact, all are spotted variable stars and they are im- 
portant for rotation and corona studies. In the AB Dor Association there are 15 of this 
kind of variables: PW And, IS Eri, V577 Per, AB Dor, UX Col, UY Pic, WX Col, 
TZ Col, TY Col, AK Pic, BD+20 1790, V372 Pup, PX Vir, HD 160934, LO Peg. 

HD 33999 is a close visual binary (sep.=0.6"), not resolved by our spectrograph. 
The spectrum exhibits three features in the cross-correlation function. We interpret 
the stronger feature as coming from the hotter component, and the other two lines as 
coming from the fainter star, forming a double line spectr oscopic binary. 

UX Col had its photometric variations observe d by ICutispoto et al] (120031) who 
determined a period of 2.29 days. iTorres et all d2006l) obtained a vsin(i) = 41.5 km s _1 , 
similar to the one found by iTagliaferri et all d 19941) . This would imply a minimum ra- 
dius of 1 .9 R© which is substantial for a K3V star at the age of the AB Dor Association. 
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(V-I)c (V-I)c 

Figure 22. Left: The HR diagram of the members proposed for the AB Dor As- 
sociation; the over-plotted isochrones are the ones for 5, 10, and 70 Myr. Right: The 
distribution of Li equivalent width as a functi on of {V — I)q\ t he curves are the upper 
and lower limits for the age of the Pleiades ( Neuhauserl l 1 997h . 



This could be resolved if one assumes that the true rotational period is actually a shorter 
alias period. 

TY Co l was o bserved by ICutispoto et all ( 2001 ) who found a period of 3.82 days. 



Torres et al. (2006) obtained a vsin(i) = 55.0 km s , similar to the one found bv Tagli- 



aferri et al. (1994). As for UX Col, this would imply a minimum radius of 4.1 R & , 
incompatible with the age of 70 Myr . Again, the sol ution could be a short rotational 
period. Our spectral classification is similar to that of ICutispotol (1998) who discusses 
these difficulties. 

GSC 8894-0426 was proposed bv lZuckerman & Songl (l2004bl) as a member of 
the AB Dor Association, but it has no astrometric data. It is separated by 27.2' from 
HD 45270 (itself a wide binary, the companion being an active late-K star (Cutispoto 
et al. 120021) ). If they are at the same distance, this would imply a separation of 0.2 pc. 



Using the HD 45270 Hipparcos astrometric data, GSC 8894-0426 becomes a bona fide 
member. 

AK Pic (HD 48189) has a companion at 0.8". This separation has changed in 
time, but it has no orbit determined yet. Proper motions of Hipparcos and TYCHO-2 
disagree in RA and Hipparcos gives distinct RA proper motions for the components, 
thus we used the TYCHO-2 values. The radial velocities measured by different authors 
show a spread greater than the errors indicating a single line spectroscopic binary star. 
We used a compromise among the published values (30 km s _1 ). 

HD 99877 lies i n front of the Cha region a nd the difference betw een the radial 
velocity measured by ICovino et al.l (1 19971) and by lNordstrom et all d2004 ) is larger than 
the observational errors, indicating a possible spectroscopic binary. 

PX Vir may also be a single line spectroscopic binary, given the spread of the radial 
velocity in the literature. In fact Hipparcos found an astrometric orbit, with P=231 d, 
and a semi-major axis of 1 1 mas, thus explaining this spread in radial velocities. We 
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used a compromise value of km s 1 . It is also a spotted variable star with P=6.5 days 
dGaidos et alJl200Ct IStrassmeier et alJl200Ch . 

HP 160934 is another single line spectroscopic bi nary with very l ong p eriod 
dGalvez et al.ll2006h . It was optically resolved at 0.2" by iHormuth et all (120071) who 
suggest a period of ~8.5 years from both spectroscopic and visual data. This system 
has also a dM4e companion at 19.1". 

HD 217379 is a visual binary (sep.= 1.8"), not separated in our spectrum. The 
spectrum shows a triple line system, formed by one K5V and two K7V stars. The 
brighter visual component seems to be the double line spectroscopic K7V binary. We 
used the velocity of the K5V component as the systemic velocity, supposing that the 
velocity of the visual spectroscopic single secondary is near the systemic one. 

HD 218860 had its red companion recognized for the first time in the SACY. The 
stars have similar radial velocities, and for the red star we used the proper motions of 
the primary. 

The AB Dor Association has 25 known visual binaries (two are triples and one 
is quadruple), presented in Table [14] There are also in the AB Dor Association two 
triple line spectroscopic multiples (HD 33999 and HD 217379), three single line spec- 
troscopic binaries (AK Pic, PX Vir and HD 160934) and three stars are possible spec- 
troscopic binaries (CD-26 2425, TZ Col and HD 99827). 



Table 14. The visual binaries in AB Dor Association 



Name 


sep. 

a 


Name 


sep. 
a 


Name 


sep. 
a 


HD 4277 


3.8 


AB Dor AC 


0.2 


HD 99827 


3.5 


CD-46 644 


21.7 


AB Dor BaBb 


0.06 


PX Vir 


0.01 


HD 13482 


1.8 


UYPic 


10.3 


HD 139751 


0.9 


HD 16760 


14.6 


WXCol 


3.9 


HD 160934 AB 


0.2 


HD 17332 


3.6 


HD 45270 


16.2 


HD 160934 AC 


19.1 


HIP 14809 


33.2 


AK Pic 


0.8 


HD 176367 


11.2 


V577 Per 


9.5 


HD 59169 


1.2 


HIP 110526 


1.8 


CD-56 1032 


7.8 


V372 Pup AB 


0.2 


HD 217379 


1.8 


HD 33999 


0.7 


V372 Pup AC 


6.6 


HD 218860 


19.6 


AB Dor AB 


9.0 


HD 64982 


5.7 







9. Disks and Sub-stellar Objects 



The discovery of 51 Peg b by lMayor & Ouelo z (1995) is without doubt among the sci- 
entific highlights of the last century. It triggered an incredible number of observational 
and theoretical studies aiming to find new worlds and understand their physics. In rela- 
tion to the question of planetary system formation, it appeared already that, in the light 
of the discovery of 51 Peg b, the relevant timescales (disk evolution, planet formation, 
and migration) are all roughly of the same order of ma gnitude, i.e., ~ 10 Myr (e.g. 
Pollack et al.lll996l : llda & Lrnll2004l: lAhbert et allllool: iHaisch etaDl2001bh . These 



timescales predicted by the models depend on the physical properties of the circum- 
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stella r disks, such as density profile, composition, grain size, etc. (e.g. iHubickyj et al. 



2004), which in turn are themselves not well known. Clearly, a better understanding of 



disk properties and how they evolve in time is of paramount importance to planetary 
formation theories. 

The link of the young, nearby associations to planetary system research is evident. 
Most of these associations are within an age range where disks are quickly evolving 
from a rather massive, accreting, gas-rich disk as found around TTS towards more 
quiescent, cold, debris disk where grain coagulation and re-processing, vertical set- 
tling, and planetesimal formation are thought to have occurred and large gaps may have 
opened as a result of the formation of planets. The literature about this topic is vast, 
and the Spitzer Space Observatory launched in 2003 continues to contribute in this 
field , e.g. via the key program " from disks to planets" (for a revie w see, e.g.. Werner 
et al. I2Q06T) . In the following we focus on recent results that concern the young nearby 
associatio ns discussed here. For a broader v i ew on disk evolution we refer to recent 
reviews of lHillenbrandl (12005b and lHartmannl (12005b . 

A number of near (JHK) to mid-infrared (LMN) studies have been carried out 
during the last years in order to probe disk frequencies and dispersal times for stars 
with different ages. Based on the ext rapolation of t heir rel ation between frequency of 
stars showing JHKL-excess and age, Haisch et all (1200 lab conclude that no excess is 
expected beyond 6 Myr. In other words, the inner region (<1 AU) of primordial hot 
and g as-rich cir cumstellar disks are thought to have dissipat ed after ^6 My r. 

Jayawardhana et al. (1 19991) (for a summary, see also Jayawardhanal l200lh con- 
ducted a mid-IR survey of the TW Hya Association members. They find that most of 
the TW Hya Association stars have little or no disk emission at 10 ^m. Among those 
showing some 10 /j,m emission, gaps in disks appear to be established, suggesting that 
critical disk evolution has taken pl ace already at the age of the TW Hya Association 
(see below). Mamajek et all ( 2004) present an N-band survey of 14 young stars in the 
~30 Myr old Tuc-Hor Association to search for evidence of warm, circumstellar dust 
disks. They find that none of the stars have a statistically significant N-band excess 
compared to the predicted stellar photospheric flux, corroborating the notion that at this 
age, warm thick disks have already dissipated. In contrast to the TW Hya Association 
or the Tuc-Hor Association where few or no disks were detected, the r\ Cha clusteiQ 
seems to be an interesting exception to the disk frequency-age relation found by Haisch 
et al. (1200 lab . iLyo et all (120031) found that 60% of the observed stars have near in- 
frared excess. According to ILawson & Feigelsonl (1200 lb . the age of the rj Cha cluster 
is about 9 Myr. The direct implication is that stars in the r] Cha cluster have retained 
their primordial disks longer than the obs erved trend. Clearl y, the age of the i] Cha 
cluster plays a key role in the discussion. lHaisch et al.l (l2005h have recently revisite d 
the issue. Their disk frequency is much smaller than that reported by lLyo et all d2003l) . 
28%±13 versus 60%±13% . This revised disk frequency along with the age estimate of 
Luhman & St eeghs (2004) which gives 6 Myr (similar to what we found in Section 5) 



instead of 9 Myr puts the 77 Cha cluster back into the linear relation of lHaisch et al. 



(I2001ah . lHaisch et all <|2005), on the other hand, do not exclude that the t] Cha cluster 
is indeed 9 Myr old. In this case, after a rapid decline during which the dust in the inner 
disk is dissipated or accumulates into larger bodies, the disk fraction in clusters would 



7 Although throughout this section we refer to 77 Cha cluster, our analysis presented in Section 5 suggests 
that rj Cha cluster belongs to what we call the e Cha Association. 
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decrease more slowly, with a small number of stars (~10 %) retaining their disks for 
times comparable to the cluster age. Megeat h et all (2005) presented Spitzer observa- 
tions which show that one member of the -q Cha cluster has an excess similar to a cTTS 
(ET Cha), whereas five other members show only weak IR-excesses. Interestingly, Ha 
spectroscopic data suggest that among these six stars, five are accreting, although at 
a much smaller rate than in the T Tauri regime. The authors suggest that, like in the 
TW Hya Association, we are witnessing a fast transition from a cTTS like disk to a 
debris disk. 

One of the fundamental motivations to determine disk lifetimes is to assess the 
amount of molecular gas available and the time-span available in which giant plan- 
ets could be forme d. Although a direc t measurement of gas densities and masses is 
difficult to obtain dRichter et al.ll2002l) . it can be inferred from accretion signatures. 
Using mainlv the equivalent width of Ha as an accretion diagnostic, Jayawardhana et 
al."E(X)6) estimate the frequency of accretors in the rj Cha cluster, the TW Hya, the 
(3 Pic, and the Tuc-Hor associations. They find that three out of 1 1 (~ 27%) late-type 
stars in the rj Cha cluster are accreting, whereas only two of the 32 targets (~ 6%) 
in the TW Hya Association show evidence for accre tion. None of the 3 Pic an d the 
Tuc-Hor Association members show these signatures. iJayaw ardhan a et al.1 (|2006) infer 
an inner disk lifetime of about 10 Myr. Moreover, the notion of long-lived primordial 
disks seems weakened since no accreting star was present in either the 3 Pic Associa- 
tion (12 Myr) o r the Tuc-Ho r Asso ciation (30 Myr). These results have been recently 
corroborated by lRebull et al.l ( 20081 see also reference therein) who found an inside-out 
infrared excess reduction with time, wherein the shorter-wavelength excesses disappear 
before longer-wavelength excesses. Such a decrease is consistent with the overall de- 
crease of disk frequency with stellar age. Moreover, optically thick disks, seen in the 
younger TW Hya Association and the rj Cha cluster, are entirely absent in the 3 Pic 
Association. 

Most stars in the nearby young associations studied here show clear signs that their 
primordial disks have already evolved into debris disks. A debris disk consists of a mix- 
ture of smaller and larger grains, and larger bodies like planetesimals required for the 
planetary formation processes. In these disks, dust grains are continuously regenerated 
by collisions and/or evaporation of planetesimals. This dust absorbs stellar radiation at 
visual wavelengths and re-radiates the energy at infrared to submillimeter wavelengths. 
It is the large emitting surface area of these numerous grains that makes debris disks 
around stars observable in the infrared and submillimeter, while the mass-dominant 
planetesimals remain undetected. 

Due to the limitation imposed by Earth's atmosphere, space-based facilities like 
HST, IRAS, ISO and Spitzer are primary sources of information for the study of debris 
disks (Figure l23l). A number of studies have correlated the far infra-red fluxes obtained 
by these facilities with catalogs of nearby stars (e.g., IChen et ail 120051: iMoor et"aL 



2006: lRhee etai1l2007ah . The main goal is to make a census of the debris disks around 
nearby stars of different spectral types and to understand how these disks evolve in 
time. These studie s suffer from the difficulty of determining stellar ages for field stars. 
IMoor et all ((2006) suggest to take advantage of the fact that several nearby stars are 
members of young nearby associations to improve age estimates for the debris disks. 
They found that the most prominent debris disks are found around members of the loose 
associations. Using the age estimates for the associations, they also found a moderate 
agreement between the theoretical predictions of the evolution of the fractional lumi- 
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Figure 23. The debris disk around AU Mic is seen in this image obtained with the 
HST. Courtesy STScI. 



nosity as function of the age. In the same line. iRhee et all d2007bi) estimate that 13% 
of the stars with spectral type earlier than GO belonging to one of the nearby young 
associations show evidence of possessing a warm 150K) mid-IR excess related to 
debris-disks or a mix of debris-disk and primordial-disk material. 

Since the debris disks are generated by collisions of planetesimals, usually the 
presence of (undetected) planets is inferred from the presence of a debris disk itself. 
The existence of planets in the debris disk of Vega-like stars has been suggested based 
on the non-axissymmetric structures observed in many of these disks. Such structures 
are thought to be caused by the gravitational perturbation of massive bodies (Jupiter 
and brown dwarf masses) orbiting around the h ost star (e.g. Ma cintosh et all 12003 ; 



Zuckerman & Sond l2004at lOkamoto et al.1120041 and references therein). 



So far, attempts to find the p erturbing body around stars with debris disks vi a 
adaptive optics systems have failed (Macinto sh et al.ll2003HZuckerman & Son g| l2004ah . 
Concerning the nearby young associations, debris disks have been detected in a few 
members of the Pic Association, the TW Hya Association and other nearby stars 
dZuckerman et al.ll2001al ; IZuckerman & Songll2004al ; IZuckerman & Song Il2004bl). In 



the TW Hya Association, the 10 jim study carried out by iJayawardhana et al. ( 19991) 



showed that most of the T W Hya Association stars have little or no disk emission at 
10 fim. iLow et ail (120051) using Spitzer showed that even at 24 /xm most of the stars 
show no excess. This implies the absence of dust warmer than 100 K. For four other 
objects (TW Hya, TWA 3, TWA 4, and TWA 11A) the excess at 24 /im is, however, 
a factor of ~100 above the photosphere in a clear bimodal distribution (Figure 1 of 
Low et al.). A similar behavior is also seen at 70 /im, although less marked than at 
24 /im. Remarkably, mid-infrared images of the disk around Pic itself reveal bright- 
ness asymmet ries that can be in terpreted as resulting from a cataclysmic break-up of 
planetesimals dTelesco et alj|2005l) . 

Again, as for the rj Cha cluster, it seems that disks evolve fast during this age, and 
thus a mix of disk characteristics is seen. The most interesting case is perhaps TW Hya 



itself which looks like a cT TS (e.g. iRucinski & Krautterlll983l : Ide la Reza et all 
Gregorio-Het em et aO 19921) but whose disk shows signs of evolut i on dKrist et"aT 



1989; 



2000; 



Weinbergeretal||2002, 20041; IWilner et al.ll2005l; Low et al.ll2005h . IWilner et all (120051) 
in particular, based on VLA observations at A = 3.5 cm, suggest that the emission 
observed at this wavelength can only be explained if planetesimals of centimeter size 
have already been formed in the disk of TW Hya. 

Direct imaging and spectroscopy of Jupiter mass and brown dwarf objects also 
benefit from the young age and proximity of the associations discussed here since at- 
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mospheres of very low mass objects look brighter at near-IR wavelength (e.g. Burrows 
et al. 1 1997b and therefore can be imaged by current adaptive optics systems. For in- 
stance , an object of 5 Mj c an be detected aro und a KOV star at separation s larger than 



0.7" (iMasciadri et al.ll2005h . Not surprisingly. IChauvin et ail d2004 l2005ah imaged the 



first extra-solar planet around a brown-dwarf member of the TW Hya Association. A 
second case (be aring IAU defin i tion of what is a planet) of a sub-stellar object of 13 Mj 
was reported by lChauvin et al.l ( 2005c ) at ~ 260 AU from AB Pic, a member proposed 



of the Car Association. 

It is interesting to note that IMasciadri et al] (2005), using adaptive optics tech- 



niques, searched for other giant planets around members of the Tuc-Hor, the (3 Pic and 
the TW Hya associations and young field stars. They report a null result. Kasper et 
al. (120071) used L-band adaptive optics-assisted imaging to look for planets around 22 
members of Tuc-Hor and Pic associations. Their observations were sensitive to com- 
panions with masses down to 1 to 2 Mj at separations larger than 5 to 30 AU. In spite 
of the unprecedented sensitivity, no sub-stellar companions were found. 

It is an open question whether the low number of sub-stellar detections beyond 
5 AU reported by the direct imaging surveys is real or due to an overest imated sensi- 
tivity related to uncertainties in the predicted luminosities at early ages dMarley et al.1 
120071) . In spite of this, it is expected that the next generation adaptive optics systems 
(i.e., the planet finders) will be able to probe fainter objects closer to the central star 
(AM ~ 17.5 at 0.5"). Thus the members of the nearby young associations described 
here are still prime candidates to these future adaptive optics surveys. 

Radial velocity surveys usually do not target young stars (<10 Myr or so). This 
is due to the fact that accretion, high rotation and chromospheric activity affect a great 
deal the quality of the radial velocity, thus hampering any attempt to reach the few 
m/s precision needed to find Jovian planets. In spite of these difficulties, a few groups 
have been trying to conduct radial velocity surveys around young stars. Setiawan et 
al. (120081) announced the disc overy of a mass i ye (10 Mj) hot- Jupiter around TW Hy- 



drae. However, the results of Huel amo et al. (2008b) cast doubts about the existence 



of TW Hya's hot- Jupiter. Both results, in spite of being contradictory, are exciting and 
will certainly trigger a number of studies in the optical and in the near-infrared. The 
discovery of a population of hot-Jupiters already at a few Myr would lead to strong 
constraints on their formation and evolutionary time-scales. 
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